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1. PURPOSE

This document on the Initial Handling Facility (IHF) and its companion document entitled /nitial
Handling Facility Event Sequence Development Analysis (Ref. 2.2.28) constitute a portion of the
preclosure safety analysis (PCSA) that is described in its entirety in the safety analysis report that
will be submitted to the U.S. Nuclear Regulatory Commission (NRC) as part of the Yucca
Mountain Project (YMP) license application. These documents are part of a collection of
analysis reports that encompass all waste handling activities and facilities of the geologic
repository operations area (GROA) from the beginning of operations to the end of the preclosure
period. The [nitial Handling Facility FEvent Sequence Development Analysis (Ref. 2.2.28)
describes the identification of initiating events and the development of potential event sequences
that emanate from them. This analysis uses the resulting event sequences to perform a
quantitative analysis of the event sequences for the purpose of categorization per the definition
provided by 10 CFR 63.2 (Ref. 2.3.2).

The PCSA uses probabilistic risk assessment (PRA) technology derived from both nuclear power
plant and aerospace methods and applications in order to perform analyses to comply with the
risk informed aspects of 10 CFR 63.111 and 63.112 (Ref. 2.3.2) and to be responsive to the
acceptance criteria articulated in the Yucca Mountain Review Plan, Final Report (Ref. 2.2.64).
The PCSA, however, limits the use of PRA technology to identification and development of
event sequences that might lead to the direct exposure of workers or onsite members of the
public; radiological releases that may affect the workers or public (onsite and offsite), and
criticality.

The radiological consequence assessment relies on bounding inputs with deterministic methods
to obtain bounding dose estimates. These were developed using broad categories of scenarios
that might cause a radiological release or direct exposure to workers and the public, both onsite
and offsite. These broad categories of scenarios were characterized by conservative meteorology
and dispersion parameters, conservative estimates of material at risk, conservative source terms,
conservative leak-path factors, and filtration of releases via facility high-efficiency particulate air
(HEPA) filters when applicable. After completion of the event sequence development and
categorization in this analysis, each Category 1 and Category 2 event sequence was
conservatively matched with one of the categories of dose estimates. The event sequence
analyses also serve as input to the PCSA criticality analyses by identifying the event sequences
and end states where conditions leading to criticality are in Category 1 or 2.

An event sequence is defined in 10 CFR 63.2 (Ref. 2.3.2) as:

A series of actions and/or occurrences within the natural and engineered
components of a geologic repository operations area that could potentially lead to
exposure of individuals to radiation. An event sequence includes one or more
initiating events and associated combinations of repository system component
failures, including those produced by the action or inaction of operating
personnel. Those event sequences that are expected to occur one or more times
before permanent closure of the geologic repository operations area are referred to
as Category 1 event sequences. Other event sequences that have at least one
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chance in 10,000 of occurring before permanent closure are referred to as
Category 2 event sequences.

As an extrapolation of the definition of Category 2 event sequences, sequences that have less
than one chance in 10,000 of occurring before permanent closure are identified as Beyond
Category 2. Consequence analyses are not required for those event sequences.

10 CFR 63.112 , Paragraph (e) and Subparagraph (e)(6) (Ref. 2.3.2) require analyses to identify
the controls that are relied upon to limit or prevent potential event sequences or mitigate their
consequences.  Subparagraph (e)(6) specifically notes that the analyses should include
consideration of “means to prevent and control criticality.” The PCSA criticality analyses
employ specialized deterministic methods that are beyond the scope of the present analysis.
However, the event sequence analyses serve as an input to the PCSA criticality analyses by
identifying the event sequences and end states where conditions leading to criticality are in
Category 1 or 2. Some event sequence end states include the phrase “important to criticality.”
This indicates that the event sequence has a potential for reactivity increase that should be
analyzed to determine if reactivity can exceed the upper subcriticality limit.

The Naval Nuclear Propulsion Program (NNPP) performs a criticality evaluation of a series of
IHF conditions that are capable of increasing the criticality potential of naval SNF. The
evaluation is based on modeling rearrangement of naval SNF due to mechanical damage, neutron
reflection from materials outside the naval SFC, and neutronic coupling with other fissile
material in proximity to the naval SFC. Based on the event sequences in this document and
established facility limits, NNPP deterministically demonstrates that the end state configurations
are subcritical. In order to determine the criticality potential for waste forms and associated
facility and handling operations, criticality sensitivity calculations are performed. These
calculations evaluate the impact on system reactivity to variations in each of the parameters
important to criticality during the preclosure period. The parameters are waste form
characteristics, reflection, interaction, neutron absorbers (fixed and soluble), geometry, and
moderation. The criticality sensitivity calculations determine the sensitivity of the effective
neutron multiplication factor (ker) to variations in any of these parameters as a function of the
other parameters. The NNPP and PCSA criticality analyses determined the parameters that this
event sequence analysis should include. The presence of a moderator in association with a path
to exposed fuel was required to be explicitly modeled in the event sequence analysis because
such events could not be deterministically found to be incapable of exceeding the upper
subcriticality limit. Situations treated in the event sequence analyses of repository facilities other
than the IHF for similar reasons are multiple U.S. Department of Energy (DOE) spent nuclear
fuel (SNF) canisters in the Canister Receipt and Closure Facility (CRCF) in the same general
location and presence of sufficient soluble boron in the pool in the Wet Handling Facility.

The initiating events considered in the PCSA define what could occur within the GROA and are
limited to those events that constitute a hazard to a waste form while it is present in the GROA.
Initiating events include internal events occurring during waste handling operations conducted
within the GROA and external events (e.g., seismic, wind energy, or flood water events) that
impose a potential hazard to a waste form, waste handling system, or personnel within the
GROA. Such initiating events are included when developing event sequences for the PCSA.
However, initiating events that are associated with conditions introduced in structures, systems,
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and components (SSCs) before they reach the site are not within the scope of the PCSA. The
excluded from consideration offsite conditions include drops of casks, canisters, or fuel
assemblies during loading at a reactor site; improper drying, closing, or inerting at the reactor
site; rail or road accidents during transport; tornado or missile strikes on a transportation cask; or
nonconformances introduced during cask or canister manufacturing that result in a reduction of
containment strength. Such potential precursors are subject to deterministic regulations such as
10 CFR Part 50 (Ref. 2.3.1), 10 CFR Part 71 (Ref. 2.3.3), and 10 CFR Part 72 (Ref. 2.3.4) and
associated quality assurance (QA) programs. As a result of compliance to such regulations, the
SSCs are deemed to pose no undue risk to health and safety. Although the analyses do not
address quantitative probabilities to the aforementioned excluded precursors, it is clear that the
use of conservative design criteria and the implementation of QA controls result in unlikely
exposures to radiation.

Other boundary conditions used in the PCSA include:

e Plant operational state. The initial state of the facility is normal with each system
operating within its vendor-prescribed operating conditions.

e No other simultaneous initiating events. It is standard practice to not consider the
occurrence of other initiating events (human-induced or naturally occurring) during the
time span of an event sequence because: (a) the probability of two simultaneous
initiating events within the time window is small and, (b) each initiating event will cause
operations in the waste handling facility to be terminated, which further reduces the
conditional probability of the occurrence of a second initiating event, given that the first
has occurred.

e Component failure mode. The failure mode of an structure, system, or component
(SSC) corresponds to that required to make the initiating or pivotal event occur.

e Fundamental to the basis for the use of industry-wide reliability parameters within the
PCSA, such as failure rates, is the use of SSCs within the GROA that conform to NRC
accepted consensus codes and standards, and other regulatory guidance.

o Intentional malevolent acts, such as sabotage and other security threats, are not
addressed in this analysis.

As stated, the scope of the preclosure safety analysis is limited to internal initiating events
originating within the GROA boundary and external initiating events that have their origin
outside the GROA boundary, but can affect buildings and/or equipment within the GROA.
External event analyses are documented in FExternal LEvents Hazards Screening Analysis
(Ref. 2.2.27) and Frequency Analysis of Aircraft Hazards for License Application (Ref. 2.2.17).
Internal event identification (using a master logic diagram and hazard and operability
evaluation), event sequence development and grouping, and related facility details are provided
in Initial Handling Facility Event Sequence Development Analysis (Ref. 2.2.28), which also
documents the methodology and process employed and initiates the analysis that is completed
here.
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This document uses event trees from Initial Handling Facility Event Sequence Development
Analysis (Ref. 2.2.28) to quantify the event sequences for each waste form. Quantification refers
to the process of obtaining the mean frequency of each event sequence for the purpose of
categorization. This document shows the categorization of each event sequence based on:

e Mean frequency associated with the event sequence frequency distribution
e Uncertainty associated with the event sequence frequency distribution

e Material at risk for each Category 1 and 2 event sequence for purposes of dose
calculations

e Important to safety (ITS) SSCs
e Compliance with the nuclear safety design bases
e Procedural safety controls required for operations.

Other PCSA documents which are not referenced here cover the reliability and categorization of
external events and summarize procedural safety controls and nuclear safety design bases. The
main documents that will emanate from Volume I (Ref. 2.2.28) and the current analyses are:

ITS SSC/Non-11S SSC Interactions Analysis (Ref. 2.4.1)

Preclosure Nuclear Safety Design Bases (Ref. 2.4.2)

Preclosure Procedural Safety Controls (Ref. 2.4.3)

Seismic Event Sequence Quantification and Categorization (Ref. 2.4.4).
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3. ASSUMPTIONS
3.1 ASSUMPTIONS REQUIRING VERIFICATION
There are no assumptions requiring verification.
3.2 ASSUMPTIONS NOT REQUIRING VERIFICATION
3.2.1 General Analysis Assumptions

Assumption—Equipment and SSCs designed and purchased for the Yucca Mountain repository
are of the population of equipment and SSCs represented in United States industry-wide
reliability information sources. Furthermore, the uncertainty in reliability is represented by the
variability of reliabilities across this population.

Rationale—Although the repository features some unique pieces of equipment at the system level
(such as the waste package transfer trolley (WPTT) and the cask transfer trolley (CTT)), at the
component level, the repository relies on proven and established technologies. The industry-
wide information sources include historical reliability information at the component level. Such
experience is relevant to the repository because the repository relies on components that are
similar to the ones represented in the information sources. In some cases, system-level
information, such as crane load-drop rates, from the industry-wide information sources are used.
It is appropriate to use such information because it represents similar pieces of equipment at the
system level. In addition, drawing from a wide spectrum of sources takes advantage of many
observations, which yields better statistical information regarding the uncertainty associated with
the resulting reliability estimates. .
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4. METHODOLOGY
4.1 QUALITY ASSURANCE

This analysis has been prepared in accordance with Calculations and Analyses (Ref. 2.1.1) and
Preclosure Safety Analysis Process (Ref. 2.1.4). Therefore, the approved version is designated
as “QA: QA”

In general, input designated “QA: QA” is used. However, some of the inputs that are cited are
designated “QA: N/A.” The suitability of these inputs for the intended use is justified as
follows:

Documentation of suitability for intended use of “QA: N/A” drawings: Engineering
drawings are prepared using the “QA: QA” procedure Engineering Drawings (Ref. 2.1.2). They
are checked by an independent checker and reviewed for constructability and coordination before
review and approval by the engineering group supervisor and the discipline engineering manager
(Ref. 2.1.2, Section 3.2.2 and Attachments 3 and 5). The check, review, and approval process
provides assurance that these drawings accurately document the design and operational
philosophy of the facility. For this reason, they are suitable for their intended use as sources of
input to this analysis.

Documentation of suitability for intended use of “QA: N/A” engineering calculations or
analyses: Engineering calculations and analyses are prepared using the “QA: QA” procedure
Calculations and Analyses (Ref. 2.1.1). They are checked by an independent checker and
reviewed for coordination before review and approval by the engineering group supervisor and
the discipline engineering manager. The check, review, and approval process provides assurance
that these calculations and analyses accurately document the design and operation of the facility.
For this reason, they are suitable for their intended use as sources of input to this analysis.

Documentation of suitability for intended use of engineering studies (which are “QA:
N/A”): In a few instances, studies are used as inputs to this analysis. The uses of inputs from
studies are made clear by the context of the discussion at the point of use. The use of studies is
acceptable for committed analyses, such as the present analysis, provided that the results are not
used for procurement, fabrication, or construction purposes. Because the present analysis is not
used for procurement, fabrication, or construction purposes, the use of studies is acceptable.
Therefore, the studies that are used as inputs are suitable for their intended uses.

Documentation of suitability for intended use of BSC design guides (which are “QA: N/A”):
The uses of inputs from design guides are made clear by the context of the discussion at the point
of use. Design guides are used as inputs only when specific design documents, such as
drawings, calculations, and design reports are not available at the present level of design
development. Therefore, the design guides that are used as inputs are suitable for their intended
uses.
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Documentation of suitability for intended use of BSC engineering standards (which are
“QA: N/A”). Engineering standards are used in this analysis as the basis for the numbering
system for basic events. The uses of inputs from BSC engineering standards are made clear by
the context of the discussion at the point of use. Therefore, the design guides that are used as
inputs are suitable for their intended uses.

Documentation of suitability for intended use of BSC Interoffice memoranda: Due to the
early nature of the design of some systems, the only available sources for the information used
are interoffice memoranda. These sources provide conservative estimates and are appropriate for
their intended use.

Documentation of suitability for intended use of inputs from outside sources: The uses of
inputs from outside sources are made clear by the context of the discussion at the point of use.
These uses fall into the following categories and are justified as follows (in addition to the
justifications provided at the point of use).

1.  Some inputs are cited as sources of the methods used in the analysis. These inputs are
suitable for their intended uses because they represent commonly accepted methods of
analysis among safety analysis practitioners or, more generally, among scientific and
engineering professionals.

2. Some inputs are cited as examples of applications of methods of analysis by others.
These inputs are suitable for their intended uses because they illustrate applicable
methods of analysis.

3. Some inputs are cited as sources of historical safety-related data. These inputs are
suitable for their intended uses because they represent historical data that is commonly
accepted among safety analysis practitioners.

4. Some inputs are cited as sources of accepted practices as recommended by codes,
standards, or review plans. These inputs are suitable for their intended uses because
they represent codes, standards, or review plans that are commonly accepted by
practitioners of the affected professional disciplines.

5. Some inputs provide information specific to the Yucca Mountain Repository that was
produced by organizations other than BSC. These inputs are suitable for their
intended uses because they provide information that was developed for the Yucca
Mountain Repository under procedures that apply to the organization that produced the
information.

4.2 USE OF SOFTWARE
4,2.1 Level 1 Software

This section addresses software used in this analysis as Level 1 software, as defined in Software
Management (Ref. 2.1.3, Attachment 12). SAPHIRE V. 7.26 STN 10325-7.26-01 (Ref. 2.2.70)
is used in this analysis for PRA simulation and analyses. The SAPHIRE software is used on a
personal computer running Windows XP inside a VMware virtual machine; it is also listed in the
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current Qualified and Controlled Software Report, and was obtained from Software
Configuration Management. The SAPHIRE software is specifically designed for PRA
simulation and analyses, and has been verified to show that this software produces precise
solutions for encoded mathematical models within the defined limits for each parameter
employed (Ref. 2.2.37). Therefore, SAPHIRE version 7.26 is suitable for use in this analysis.

The SAPHIRE project files for this analysis are listed in Attachment H. They are contained on a
compact disc, which is included as part of Attachment H. SAPHIRE project files contain all of
the inputs that SAPHIRE requires to produce the outputs that are documented in this analysis.

4,2.2 Level 2 Software

This section addresses software used in this analysis that are classified as Level 2 software, as
defined in Software Management (Ref. 2.1.3, Attachment 12). The software is used on personal
computers running either Windows XP Professional or Windows 2000 operating systems.

e Word 2003, a component of Microsoft Office Professional 2003, and Visio Professional
2003 are listed in the current Level 2 Usage Controlled Software Report. Visio 2003
and Word 2003 are used in this analysis for the generation of graphics and text. The
accuracy of the resulting graphics and text is verified by visual inspection. The precise
means of verification is left to the discretion of the checker in compliance with
applicable procedures.

e Excel 2003, a component of Microsoft Office Professional 2003, and Mathcad version
13.0 and 14.0 are listed in the current Level 2 Usage Controlled Software Report.
Crystal Ball version 7.3.1 (a commercial, off-the-shelf, Excel-based risk-analysis tool) is
listed on the Controlled Software Report and is registered for Level 2 usage. Excel
2003, Mathcad 13.0 and 14.0, and Crystal Ball 7.3.1 are used in this analysis to calculate
probability distributions for selected SAPHIRE inputs and to graphically display
information.  Graphical representations are verified by wvisual inspection. The
calculations are documented in sufficient detail to allow an independent replication of
the computations. The user defined formulas and inputs are verified by visual
inspection. The results are in some cases verified by independent replication of the
computations. However, in some cases, for example, for some Excel calculations and
Mathcad 13.0 and 14.0 calculations, the results are verified by visual inspection. The
precise means of verification is left to the discretion of the checker in compliance with
applicable procedures.

e WinZip 9.0, a file compression utility for Windows, is listed in the current Level 2
Usage Controlled Software Report. WinZip 9.0 is used in this analysis to compress files
for presentation on compact disc in Attachment H.

4.3 DESCRIPTION OF ANALYSIS METHODS

This section presents the PCSA approach and analysis methods in the context of overall
repository operations. As such, it includes a discussion of operations that may not apply to the
IHF. Specific features of the IHF and its operations are not discussed until Section 6, where the
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methods described here are applied to the IHF. The PCSA uses the technology of PRA as
described in references such as Standard for Probabilistic Risk Assessment for Nuclear Power
Plant Applications (Ref. 2.2.6). The PRA answers three questions:

1.  What can go wrong?
2. What are the consequences?
3. How likely is it?

PRA may be thought of as an investigation into the responses of a system to perturbations or
deviations from its normal operation or environment. The PCSA is a simulation of how a system
acts when something goes wrong. Relationships between the methodological components of the
PCSA are depicted in Figure 4.3-1. Phrases in bold italics in this section indicate methods and
ideas depicted in Figure 4.3-1. Phrases in normal italics indicate key concepts.

Aggregate
End States
for Category 1

RESULTS

DETAILED
FACILITY, SSC,

AND OPERATION
KNOWLEDGE

Hazard and
Operability Study &
External Initiating
Event Screening

FAILURE HISTORY DATA

Source: Modified from Master Logic Diagram (Ref. 2.2.73)
Figure 4.3-1. Event Sequence Analysis Process

The PCSA starts with analysts obtaining sufficient knowledge of the designs and operations of
facility, equipment, and SSCs to understand how the YMP waste handling is conducted. This is
largely performed and documented in the nitial Handling Facility Event Sequence Development
Analysis (Ref. 2.2.28). An understanding of how a facility should operate is a prerequisite for
developing event sequences that depict how it would fail. Success criferia are important
additional inputs to the PCSA. A success criterion states the minimum functionality that
constitutes acceptable, safe performance. For example, a success criterion for a crane is to
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pick-up, transport, and put-down a cask without dropping it. The complementary statement of a
success criterion is a failure mode (e.g., crane drops cask).

The basis of the PCSA is the development of event sequences. An event sequence may be
thought of as a string of events beginning with an initiating event and eventually leading to
potential consequences (end states). Between initiating events and end states within a scenario,
are pivotal events that determine whether and how an initiating event propagates to an end state.
An event sequence answers the question “What can go wrong?” and is defined by one or more
initiating events, one or more pivotal events, and one end state. Initiating events are identified
by master logic diagram (MLD) development, cross-checked with an evaluation based on
applied hazard and operability (HAZOP) techniques. Event sequences unfold as a combination
of failures and successes of pivotal events. An end state, the termination point for an event
sequence, identifies the type of radiation exposure or potential criticality, if any, that results. In
this analysis, eight mutually exclusive end states are of interest:

1. “OK”-Indicates the absence of radiation exposure and potential for criticality.

2. Direct Exposure, Degraded Shielding—Applies to event sequences where an SSC
providing shielding is not breached, but its shielding function is jeopardized. An
example is a lead-shielded transportation cask that is dropped from a height great
enough for the lead to slump toward the bottom of the cask at impact, leaving a
partially shielded path for radiation to stream. This end state excludes radionuclide
release.

3. Direct Exposure, Loss of Shielding—Applies to event sequences where an SSC
providing shielding fails, leaving a direct path for radiation to stream. For example,
this end state applies to a breached transportation cask, with a canister inside
maintaining its containment function. In another example, this end state applies to
shield doors inadvertently opened. This end state excludes radionuclide release.

4. Radionuclide Release, Filtered—Indicates a release of radioactive material from its
confinement, through a filtered path, to the environment. The release is filtered when
it is confined and filtered through the successful operation of the HVAC system over
its mission time. This end state excludes moderator intrusion.

5. Radionuclide Release, Unfiltered—Indicates a release of radioactive material from its
confinement, through the pool of the Wet Handling Facility or through an unfiltered
path, to the environment. This end state excludes moderator intrusion.

6. Radionuclide Release, Filtered, Also Important to Criticality—This end state refers to a
situation in which a filtered radionuclide release occurs and (unless the associated
event sequence is Beyond Category 2) for which a criticality investigation is indicated.
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7. Radionuclide Release, Unfiltered, Also Important to Criticality—This end state refers to
a situation in which an unfiltered radionuclide release occurs and (unless the
associated event sequence is Beyond Category 2) for which a criticality investigation
is indicated.

8. Important to Criticality—This end state refers to a situation in which there has been no
radionuclide release and (unless the associated event sequence is Beyond Category 2)
for which a criticality investigation is indicated.

The answer to the second question, “What are the consequences?” requires consideration of
radiation exposure and the potential for criticality for Category 1 and Category 2 event
sequences. Consideration of the consequences of event sequences that are Beyond Category 2 is
not required by 10 CFR 63. Radiation doses to individuals from direct exposure and
radionuclide release are addressed in a companion consequence analysis by modeling the effects
of bounding event sequences related to the various waste forms and the facilities that handle
them.

The radiological consequence analysis develops a set of bounding consequences. Each bounding
consequence represents a group of like event sequences. The group (or bin) is based on such
factors as characteristics of the waste form involved, availability of HEPA filtration, location of
occurrence (in water or air), and characteristics of the surrounding material (such as
transportation cask or waste package). Each event sequence is mapped to one of the bounding
consequences, for which conservative doses have been calculated.

Criticality analyses are performed to ensure that any Category 1 and Category 2 event sequences
that terminate in end states that are important to criticality would not result in a criticality. The
NNPP performs a criticality evaluation of a series of IHF conditions that are capable of
increasing the criticality potential of naval SNF. The evaluation is based on modeling
rearrangement of naval SNF due to mechanical damage, neutron reflection from materials
outside the naval SFC, and neutronic coupling with other fissile material in proximity to the
naval SFC. Based on the event sequences in this document and established facility limits, NNPP
deterministically demonstrates that the end state configurations are subcritical. In order to
determine the criticality potential for other waste forms and associated facility and handling
operations, criticality sensitivity calculations are performed. These calculations evaluate the
impact on system reactivity of variations in each of the parameters important to criticality during
the preclosure period. The parameters are: waste form characteristics, reflection, interaction,
neutron absorbers (fixed and soluble), geometry, and moderation. The criticality sensitivity
calculations determine the sensitivity of the effective neutron multiplication factor to variations
in any of these parameters as a function of the other parameters. The deterministic sensitivity
analysis covers all reasonably achievable repository configurations that are important to
criticality. Refer to Section 4.3.9 for detailed discussion of the treatment of criticality in event
sequences.
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The third question, “How likely is it?” is answered by the estimation of event sequence
frequencies. The PCSA uses failure history records (for example, Nomnelectronic Parts
Reliability Data (Ref. 2.2.36) and Nuclear Computerized Library for Assessing Reactor
Reliability (NUCLARR): Data Manual, Part 4: Summary Aggregations. NUREG/CR-4639
(Ref. 2.2.46)), structural reliability analysis, thermal stress analysis, and engineering and
scientific knowledge about the design as the basis for estimation of probabilities and frequencies.
These sources coupled with the techniques of probability and statistics, for example, Handbook
of Parameter Estimation for Probabilistic Risk Assessment (Ref. 2.2.10), are used to estimate
frequencies of initiating events and event sequences and the conditional probabilities of pivotal
events.

The PCSA uses event sequence diagrams (ESDs), event trees, and fault trees to develop and
quantify event sequences. The ESDs and event trees are described and developed in the event
sequence development analyses. The present analysis uses fault trees to disaggregate an SSC or
item of equipment to a level of detail that is supported by available reliability information from
failure history records. Various techniques of probability and statistics are employed to estimate
failure frequencies of mechanical, electrical, electro-mechanical, and electronic equipment. Such
frequencies, or active-component unreliabilities, provide inputs to the fault tree models of items
of equipment. Fault trees are used in some instances to model initiating events and in other
instances to model pivotal events.

Some pivotal events are related to structural failures of containment (e.g., canisters) and others
are related to shielding (e.g., transportation casks). In these cases, probabilistic structural
reliability analysis methods are employed to calculate the mean conditional probability of
containment or shielding failure given the initiating event (e.g., a drop from a crane). Other
pivotal events require knowledge of response to fires. Calculation of failure probabilities given a
fire is accomplished by the appropriate analysis using applicable material properties and
traditional methods of heat transfer analysis, structural analysis, and fire dynamics. The
probabilities so derived are called passive-equipment failure probabilities.

All pivotal events in the PCSA are characterized by conditional probabilities because their
values rely on the conditions set by previous events in an event sequence. For example, the
failure of electrical or electronic equipment depends on the operating temperature. Therefore, if
a previous event in a scenario is a failure of a cooling system, then the probability of the
electronic equipment failure would depend on the operation (or not) of the cooling system.

The frequency of occurrence of an event sequence is the product of the frequency of its initiating
event and the conditional probabilities of its pivotal events. This is true whether or not the
frequency and probabilities are expressed as single points or probability distributions. To group
together event sequences for the purpose of categorization, the frequencies of event sequences
within the same ESD that result in the same end state, are summed. The concept of aggregating
event sequences to obtain aggregated end-state results is depicted in Figure 4.3-1.
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The PCSA is described above as a system simulation. This is important in that any simulation or
model is an approximate representation of reality. Approximations may lead to uncertainties
regarding the frequencies of event sequences. The event sequence quantification presented in
this document propagates input uncertainties to the calculated frequencies of event sequences
using Monte Carlo techniques. Figure 4.3-1 illustrates the results as horizontal bars to depict the
uncertainties that give rise to potential ranges of results.

As required by the performance objectives for the GROA through permanent closure in 10 CFR
63.111 (Ref. 23.2), each aggregated event sequence is categorized based on its frequency.
Therefore, the focus of the analysis in this document is to:

1. Quantify the frequency of each initiating event that is identified in /nitial Handling
Facility Event Sequence Development Analysis (Ref. 2.2.28).

2. Quantify the conditional probability of the pivotal events in each event sequence.

3. Calculate the frequency of each event sequence (i.e., calculate the product of the
initiating event frequency and pivotal event conditional probabilities).

4. Calculate the frequencies of the aggregated event sequences.
5. Categorize the aggregated event sequences for further analysis.

The activities required to accomplish these objectives are illustrated in Figure 4.3-2 and
described below.

The cross-hatched boxes in Figure 4.3-2 serve as a review of the analysis performed for the
Initial Handling Facility Event Sequence Development Analysis (Ref. 2.2.28). The interface
between the event sequence development analysis and the present categorization analysis is the
set of event trees, as represented by the darkly shaded box. The event trees from the event
sequence development analysis are passed as input into the present analysis. The unshaded
boxes represent the analysis performed in this study, the methods of which are described later in
Section 4.
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Figure 4.3-2.

Preclosure Safety Assessment Process

The event sequences that are categorized in the present analysis can be more fully understood by

consulting the event sequence development analysis (Ref. 2.2.28).

subsection presents a refresher of the event sequence development process

The remainder of this
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A simplified process flow diagram (PFD) is developed to clearly delineate the process and
sequence of operations to be considered within the analysis of the facility. An excerpt from an
example PFD is shown in Figure 4.3-3. The PFD guides development of the MLD and the
conduct of the HAZOP evaluation. The PFD is broken down into nodes to identify specific
processes and operations that are evaluated with both a MLD and HAZOP evaluation to identify
potential initiators.

Development of the MLD is accomplished by deriving specific failures from a generalized
statement of the undesired state. As a “top-down” analysis, the MLD starts with a top event,
which represents a generalized undesired state. The top event includes direct exposure to
radiation and exposure as result of a release of radioactive material. The basic question
answered by the MLD is “How can the top event occur?” Each successively lower level in the
MLD hierarchy divides the identified ways in which the top event can occur with the aim of
eventually identifying specific initiating events that may cause the top event. In the MLD, the
initiating events are shown at the next-to-lowest level. The lowest level provides an example of
contributors to the initiating event. This process for the PCSA is detailed in Initial Handling
Facility Event Sequence Development Analysis (Ref. 2.2.28, Section 4.3.1.2).

The HAZOP evaluation focuses on identifying potential initiators that are depicted in the lower
levels of the MLD. It is a “bottom-up” approach that supplements the “top-down” approach of
the MLD. The HAZOP evaluation is also a systematic analysis of repository operations during
the preclosure phase. As an early step in the performance of the HAZOP evaluation, the
intended function, or intention, of each node in the PFD is defined. The intention is a statement
of what the node is supposed to accomplish as part of the overall operation. The HAZOP
analysts work their way through the PFD, node by node, and postulate deviations from normal
operations. A “deviation” is any out-of-tolerance variation from the normal values of parameters
specified for the intention. Although the repository is in some ways to be the first of its kind, the
operations are based on established technologies: for example, transportation cask movement by
truck and rail, crane transfers of casks and canisters, rail-based trolleys, air-based conveyances,
robotic welding, and SNF pool operations. The team assembled for the HAZOP evaluation (and
available on call as questions arose) had experience with such technologies and was well
equipped to perform the evaluation.

The MLD and HAZOP evaluation are strongly interrelated. The MLD 1is cross-checked to the
HAZOP evaluation. That is, the MLD is modified to include any initiators and contributors that
are identified in the HAZOP evaluation but not already included in the MLLD. The entire process
is iterative in nature (Figure 4.3-2) with insights from succeeding steps often feeding back to
predecessors. The top-down MLD and the bottom-up HAZOP evaluation provide a diversity of
viewpoints that adds confidence that no important initiating events have been omitted. Details
on implementation of the HAZOP evaluation are presented in Initial Handling Facility FEvent
Sequence Development Analysis (Ref. 2.2.28, Section 4.3.1.3).
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This diagram illustrates a small portion of the overall handling operations for a typical waste handling facility.
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An overview of the pertinent human and SSC responses to an initiating event is depicted in an

ESD. As shown in Figure 4.3-4, an ESD represents event sequences in terms of initiating events,
pivotal events, and end states.

The boxes (pivotal events) represent events that have binary
outcomes: success (yes) or failure (no). Because the future is uncertain, the analyst does not

know which of the alternative scenarios might occur. The ESD depicts the alternative scenarios
as paths that can be traced through the diagram. Each alternative path from initiating event to an
end state represents an event sequence. The events that may occur after the initiating event are
identified by asking and answering the question “What can happen next?” Typically, questions
about the integrity of radionuclide containment (e.g., cask, canister, or waste package) and

confinement (e.g., heating, ventilation, and air conditioning (HVAC)) become pivotal events in
the ESD.

ESD
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Figure 4.3-4.  Event Sequence Diagram—-Event Tree Relationship
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The initiating events that are represented in the MLD are transferred to events depicted as “little
bubbles” (Figure 4.3-4, 1,2,3) in the ESDs. One or more initiating events identified on the MLD
may be included in a single little bubble, but all of the initiating events included in the little
bubble must have the same pivotal events (i.e., human and SSC responses) and the same
conditional probability for each pivotal event. Initiating events represented by little bubbles may
be aggregated further into “big bubbles” as depicted in Figure 4.3-4. The big bubble represents
the failures associated with a major function in a specific location depicted in the PFD and
establishes the level of aggregation for the categorization of the event sequence (as Category 1,
Category 2, or Beyond Category 2).

For example, all initiating events that challenge the containment function of a canister would
include pivotal events that question the containment integrity of the canister and the availability
of HVAC confinement. The knowledge to develop such ESDs and appropriately group the
initiating events comes from a detailed knowledge of the SSCs and operations derived from
developing the PFD, MLD, and HAZOP evaluation. The pivotal event conditional probabilities
are the same for all initiating events in a little bubble. All initiating events represented by the big
bubble have the same human and SSC responses and, therefore, may be represented by the same
event sequences. However, the conditional probability for each pivotal event is not necessarily
the same for each little bubble.

4.3.1 Event Tree Analysis and Categorization

Also illustrated in Figure 4.3-4, is the relationship of the YMP ESDs to their equivalent event
trees. Event trees contain the same information as ESDs but in a form suitable to be used by
software such as SAPHIRE (Ref 2.2.37), which ultimately stores event trees, fault trees, and
reliability data, and quantifies the event sequences. Event tree depiction of ESDs provides little
new information. In an event tree, each event sequence has its separate line so that the
connections between initiating events and end states is more explicit than in ESDs (Ref. 2.2.59,
Section 3.4.4.2). Any path from left to right that begins with the initiating event and terminates
with an end state is an event sequence. Every path must be associated with an end state. As
illustrated in the event tree portion of Figure 4.3-4, each intersection of a horizontal and vertical
line is referred to as a node (or branch point). Each node is associated with a conditional
probability of following the vertical downward branch. By convention, the description of each
branch is stated as a success, and the downward branch indicates a failure. The complement is
the probability of taking the vertical upward branch, that is, the probability of success. To
quantify the event sequence, the initiating event frequency (or expected number of occurrences)
is multiplied by the conditional probability of each subsequent pivotal event node in the event
sequence until an end state is reached.
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The YMP PCSA uses the concept of linked event trees (Ref. 2.2.59). Each facility has its own
set of event trees. The first event tree simply represents the little bubbles, one horizontal line per
little bubble. This is called the initiator event tree (IET). The second event tree contains the
pivotal events and end states. This is called the system response event tree (SRET). An event
sequence would start with each of the horizontal lines as if it were the initiating event on the
SRET, as indicated in Figure 4.3-4. Each set of IET and SRET is quantified for each waste
container type (e.g., dual-purpose canisters (DPCs), transportation, aging, and disposal (TAD)
canisters, DOE SNF that is handled in a facility. The event in the IET labeled “# of occurrences”
represents the number of handlings (i.e., demands) for that initiating event. For example, each
lift of a transportation cask provides an opportunity for a drop. An event sequence quantification
includes the frequency (or number of occurrences) of each end state (e.g., radionuclide release),
associated with a single lift, and multiplies it by the number of lifts to obtain the expected
number of drops over the preclosure period. This approach is consistent with a binomial model
of reliability.

Categorization of event sequences is based on the aggregated “big bubble” initiating event. Each
line on the IET coupled with the SRET is quantified separately. Using Figure 4.3-4, this would
mean three quantifications, corresponding to the three initiating event frequencies and three
corresponding sets of pivotal event probabilities. (By SAPHIRE convention, the top line is a
dummy initiating event.) Each event sequence, therefore, would have three values. In order to
obtain the total frequency of an event sequence for purposes of categorization, per 10 CFR
63.111 (Ref. 2.3.2), the three frequencies are probabilistically summed. Doing this summation is
equivalent to basing categorization on the big bubble. If an event sequence has only one little
bubble, then only the SRET needs to be used with the initiating event in the place so denoted, in
the second event tree. In this case, summation of event sequences is not necessary and not
performed.

Because each event sequence is associated with a mean number of occurrences over the
preclosure period, categorization is straightforward. Those event sequences that are expected to
occur one or more times before permanent closure of the GROA are Category 1 event sequences.
Other event sequences that have at least one chance in 10,000 of occurring but less than one
occurrence before permanent closure are Category 2 event sequences. Sequences that have less
than one chance in 10,000 of occurring before permanent closure are identified as Beyond
Category 2. As described in Section 4.3.6, event sequence quantification considers uncertainties
and categorization is performed on the basis of an event sequence mean value of the underlying
probability distribution. The preclosure period lasts 100 years but actual emplacement
operations occupy 50% of this time (Ref. 2.2.15, Section 2.2.2.7).

An initiating event for an event sequence may have the potential to affect several waste form
types (for instance, a high-level radioactive waste (HLW) canister and a DOE standardized
canister, or a TAD canister and a DPC). For example, the seismically-induced event sequence
leading to a collapse of a surface facility could cause the breach of all the waste forms inside that
facility. Similarly, a large fire affecting an entire facility also affects all the waste forms inside
the facility. The number of occurrences over the preclosure period of an event sequence that
affects more than one type of waste form is equal to the number of occurrences of the event
sequence, evaluated for one of the waste form types, multiplied by the probability that the other
waste form types are present at the time the initiating event occurs. Because a probability is less
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than or equal to one, the resulting product is not greater than the number of occurrences of the
event sequence before multiplication by the probability. The number of occurrences of an event
sequence is calculated for a given waste form type, without adjustment for the probability of
presence of other waste form types. The results of the event sequence categorization (reported in
Section 6.8.3) show that the event sequences that have the potential to cause personnel exposure
to radiation from more than one type of waste form are either Category 2 event sequences
resulting in a direct exposure, or Beyond Category 2 event sequences resulting in a radionuclide
release. In the first case, doses from direct radiation after a Category 2 event sequence have no
effect on the public because of the great distances from the locations of offsite receptors. In the
second case, Beyond Category 2 event sequences do not require a consequence calculation.
Thus, the demonstration that the performance objectives of 10 CFR 63.111 (Ref. 2.3.2) are met is
not dependent on the waste form at risk in the event sequences that may involve more than one
type of waste form. It is appropriate, therefore, to evaluate event sequences separately for each
relevant type of waste form.

4.3.2 Initiating and Pivotal Event Analysis

The purpose of this analysis is to develop the frequency (i.e., number of occurrences over the
50-year operating lifetime of the facility) of each event sequence in order to categorize event
sequences in accordance with 10 CFR 63.2 (Ref. 2.3.2). (In this document, the term frequency is
used interchangeably with expected number when discussing event sequence quantification).
This involves developing the frequency of each initiating event and conditional probability of
each pivotal event. Some pivotal events in this analysis are associated with structural or thermal
events. In these cases, passive equipment failure analyses (PEFAs) are performed. The PEFAs
include probabilistic structural or thermal analyses as summarized later in this section to develop
mean conditional probabilities of failure directly associated with pivotal events. Often, however,
the events depicted in ESDs or event trees cannot easily be mapped to such a calculation or to
reliability data (e.g., failure history records). This is because large aggregates of components
(e.g., systems or complicated pieces of equipment such as the WPTT) may be unique to the YMP
facility with little or no prior operating history. The components, however, of which it is
composed, have usually been used before and there is an adequate set of reliability data for these
components. The PCSA used fault trees for this mapping. As a result, the PCSA disaggregates
or breaks down the initiating events and pivotal events, when needed, into a collection of simpler
components. All initiating events use fault trees and the pivotal event associated with
confinement is analyzed via a fault tree of the HVAC system. In effect, the use of fault trees
creates a mapping between ESD or event tree events and the available reliability data.
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4.3.2.1 Fault Tree Analysis

Construction of a fault tree is a deductive reasoning process that answers the question “What are
all combinations of events that can cause the top event to occur?” Figure 4.3-5 demonstrates
this:

Premature
Tiltdowrn of
WPTT

060-WFTT-PRE-TILTDOWN

[ 1
Human Fatlure WETT Electrical

Event Results in Failure
Premature Tilt Down

060-HFE-TILTDOWN 060-WETT-ELECT-FAIL
I ] I ]
Operator Initiates Dacking WPTT Control Dacking
Ereet ol D e Interlock Fails System Failure Interlock Fails
Clozed Cloged
O 3.000E-5 O 2.904E-6 @ O 2.904E-6
060-OPTILTDOWNO1-HFI-NOD 0460-HMP-IELOO1--IEL-FOH 060-WPTT-CONT-SY3-FAIL 0a0-HMP-IELOOL--IEL-FOH
I 1 1
On-Board PLC Remote Inadvertent
Initiates Controller Sends Power to Both
Spurious Signal Spurious Signal Mlotors
O 5.064E-6 O 2 496E-6 Q 3.024E-7
060-HIMP--PLCO02--PLC-5FP0 060-HMP--HC002---HC--5P0 060-HMP--CBPO02--CBP-SHC

NOTE: This fault tree is presented for illustrative purposes only and is not intended to represent results of the
present analysis. PLC = programmable logic controller;, WPTT = waste package transfer trolley.

Source: Original

Figure 4.3-5. Example Fault Tree

This top-down analytical development defines the combinations of causes for the initiating or
pivotal events, into an event sequence, in a way that allows the probability of the events to be
estimated.

As the name implies, fault tree events are usually failures or faults. Fault trees use logic or
Boolean gates. Figure 4.3-5 shows two types of gates: the AND gate (mound shaped symbol
with a flat bottom) and the OR gate (mound shaped symbol with a concave bottom). An AND
gate passes an output up the tree if all events immediately attached to it occur. An OR gate
passes an output up the tree if one or more events immediately attached to it take place. An
AND gate often implies components or system features that back each other up, so that if one
fails, the other continues to adequately perform the function. The success criterion of the SSC or
equipment being analyzed is important in determining the appropriate use of gates.
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The bottom level of the fault tree contains events with bubbles beneath them indicating a basic
event. Basic events are associated with frequencies from industry-wide active equipment
reliability information, passive equipment failure analysis, or human reliability analysis.

Fault trees are Boolean reduced to “minterm” form, which expresses the top event in terms of the
union of minimal cut sets. Minimal cut sets, which are groups of basic events that must all occur
to cause the top event in the fault tree, result from applying the Boolean Idempotency and
Absorption laws. Fault tree analysis, as used in the PCSA, is well described in the Fault Tree
Handbook. NUREG-0492 (Ref. 2.2.80). Each minimal cut set represents a single basic event or
a combination of two or more basic events (e.g., a logical intersection of basic events) that could
result in the occurrence of the event sequence. Minimal cut sets are minimal in the sense that
they contain no redundant basic events (i.e., if any basic event were removed from a minimal set,
the remaining basic events together would not be sufficient to cause the top event). Section 4.3.6
continues the discussion about utilization of minimal cut sets in the quantification of event
sequences.

As illustrated in Figure 4.3-5, the organization of the fault trees in the PCSA is developed to
emphasize two primary elements, which together result in the occurrence of the top event: 1)
human failure events, and 2) equipment failures. The human failure events include postulated
unintended crew actions and omissions of crew actions. Identification and quantification of
human failure events (HFEs) are performed in phases. Initial identification of HFEs led to
design changes to either eliminate them or reduce the probability that they would cause the fault
tree top event. For example, Figure 4.3-5 shows an HFE logically intersected with an electro-
mechanical interlock such that both a crew error of commission and failure of the interlock must
occur for premature WPTT tiltdown to occur.

Event trees and fault trees are complementary techniques. Often used together, they map the
system response from initiating events through damage levels. Together, they delineate the
necessary and sufficient conditions for the occurrence of each event sequence (and end state).
Because of the complementary nature of using both inductive and deductive reasoning processes,
combining event trees and fault trees allow more comprehensive, concise, and clearer event
sequences to be developed and documented than using either one exclusively. The selection of
and division of labor among each type of diagram depends on the analyst’s opinion. In the
PCSA, the choice was made to develop event trees along the lines of major functions such as
crane lifts, waste container containment, HVAC and building confinement, and introduction of
moderator. Fault trees disaggregate these functions into equipment and component failure
modes for which unreliabilities or unavailabilities were obtained.

4.3.2.2 Passive Equipment Failure Analysis

Passive equipment (e.g., transportation casks, storage canisters, waste packages) may fail from
manufacturing defects, material variability, defects introduced by handling, long-term effects
such as corrosion, and normal and abnormal use. Industry codes, such as Minimum Design
Loads for Buildings and Other Structures (Ref. 2.2.5) and Section II1, Subsection NCA of ASME
Boiler and Pressure Vessel Code (Ref. 2.2.8) establish design load combinations for passive
structures (such as building supports) and components (such as canisters). These codes specify
design basis load combinations and provide the method to establish allowable stresses. Typical
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load combinations for buildings involve snow load, dead (mass) load, live occupancy load, wind
load, and earthquake load. Typical load combinations for canisters and casks are found in
Section III, Subsection NCA of the ASMFE Boiler and Pressure Vessel Code (Ref.2.2.8) and
would include, for example, preloads or pre-stresses, internal pressurization and drop loads,
which are specified in terms of acceleration. Design basis load combinations are purposefully
specified to conservatively encompass anticipated normal operational conditions as well as
uncertainties in material properties and analysis. Therefore, passive components, when designed
to codes and standards and in the absence of significant aging, generally fail because of load
combinations or individual loads that are much more severe than those anticipated by the codes.
Fortunately, the conservative nature of establishing the design basis coupled with the low
probability of multiple design basis loads occurring concurrently often means a significant
margin or factor of safety exists between the design point and actual failure. The approach used
in the PCSA takes advantage of the design margins (or factor of safety).

The development of code requirements for minimum design loads in buildings and other
structures in the late 1970s considered multiple loads. A probabilistic basis for structural
reliability was developed as part of the development of Development of a Probability Based
Load Criterion for American National Standard A58, Building Code Requirements for Minimum
Design Loads in Buildings and Other Structures (Ref. 2.2.40). This document refers to classic
structural reliability theory. In this theory, each structure has a limit state (e.g., yield or
ultimate), such that, loads and resistances are characterized by Equation 1:

2(X1,X20 ... X, .. X)) =0 (Eq. 1)

In Equation 1, g is termed the limit-state variable where failure is defined as g < 0 and the x; are
resistance (sometimes called capacity or fragility) variables or load (sometimes called stress or
demand) variables. The probability of failure of a structure is given, in general, by Equation 2:

Pf = I~.~Ifx(xl7x27"'xi"'xn)dx1dx2'“dxn (Eq 2)

Where f, is the joint probability density function of x; and the integral is over the region in which
g < 0. The fact that these variables are represented by probability distributions implies that
absolutely precise values are not known. In other words, the variable values are uncertain. This
concept is illustrated in Figure 4.3-6. Codes and standards such as Minimum Design Loads for
Buildings and Other Structures (Ref. 2.2.5), guide the process of designing structures such that
there is a margin, often called a factor of safety, between the load and capacity. The factor of
safety is established in recognition that quantities, methods used to evaluate them, and tests used
to ascertain material strength give rise to uncertainty. A heuristic measure of the factor of safety
is the distance between the mean values of the two curves.
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Figure 4.3-6.  Concept of Uncertainty in Load and Resistance

In the case in which Equations 1 and 2 are approximated by one variable representing capacity
and the other representing load, each of which is a function of the same independent variable y,
the more familiar load-capacity interference integral results as shown in Equation 3.

P, = [F(y)h(y)dy (Eq. 3)

Pr is the mean probability of failure and is appropriate for use when comparing to a probability
criterion such as one in a million. In Equation 3, F(y) represents the cumulative density function
(CDF) of structural capacity and /() represents the probability density function (PDF) of the
load. The former is sometimes called the fragility function and the later is sometimes called the
hazard function.

To analyze the probability of breach of a dropped canister, y is typically in units of strain, /' is
typically a fragility function, which provides the conditional probability of breach given a strain;
and 4 is the probability density function of the strain that would emerge from the drop. For
seismic risk analysis, /# represents the seismic motion input, y is in units of peak ground
acceleration, and F is the seismic fragility. The seismic analysis of the YMP structures is
documented separately in Seismic FEvent Sequence Quantification and Categorization
(Ref. 2.4.4). Degradation of shielding owing to impact loads uses a strain to failure criterion
within the simplified approach of Equation 4, described below. For analysis of the conditional
probability of breach owing to fires, y is temperature, F' is developed from fire data for non-
combustible structures, and 4 is developed using probabilistic heat transfer calculations.
Analysis for heating up casks, canisters, and waste packages associated with loss of building
forced convection cooling was similarly accomplished, but Equation 4 was used.
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If load and capacity are known, then Equations 2 and 3 provide a single valued result, which is
the mean probability of failure. Each function in Figure 4.3-6 is characterized by a mean value,

L and R, and a measure of the uncertainty, generally the standard deviation, usually denoted by

o7, and op for L and R, respectively. The spread of the functions may be expressed,
alternatively, by the corresponding coefficient of variation (V) given by the ratio of standard

deviation to mean, or V, =o,/L and V, =0, /R for load and resistance, respectively. The

coefficient of variation may be thought of as a measure of dispersion expressed in terms of the
number of means.

In the PCSA, the capacity curve for developing the fragility of casks and canisters against drops
was constructed by a statistical fit to tensile elongation to failure tests (Ref. 2.2.33). The load
curve may be constructed by varying drop height. A cumulative distribution function may be fit
to a locus of points each of which is the product of drop height frequency and strain given drop
height.

Impact Events Associated with Containment Breach

A simplification of Equation 3, consistent with Staff Guidance HLWRS-1SG-02, Preclosure
Safety Analysis — Level of Information and Reliability Estimation (Ref. 2.2.66), and shown in
Equation 4 is used in the PCSA. Tt is illustrated in Figure 4.3-7.

P, = [F(y)dy
° (Eq. 4)

In Equation 4, 4 is a single value conservative load.

The load is a single value estimated by performing a calculation for a condition more severe than
the mean. For example, if the normal lift height of the bottom of a canister is 23 feet, a drop
height of 32.5 feet is more severe and may be conservatively applied to all drop heights equal to
or below this height. The conditional probability of breach is an increasing function of drop
height. Strain resulting from drops is calculated by dynamic finite element analysis using
Livermore Software-Dynamic Finite Element Program (LS-DYNA) for canisters and
transportation cask drops (Ref. 2.2.33). Therefore, use of a higher than mean drop height for the
load for all drop heights, results in a conservative estimate of breach probability. As an
additional conservatism, a lower limit of breach probability of 1E-05 was placed on drops of
casks, canisters, and waste packages. To perform the analyses, representative canisters and casks
were selected from the variety of available designs in current use which were relatively thin
walled on the sides and bottom. This added another conservative element.
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Figure 4.3-7. Point Estimate Load Approximation Used in PCSA

The PCSA applies PEFAs to a wide variety of event sequences including those associated with:

Canister drops

Canister collisions with other objects and structures

Other objects dropped on canisters

Transportation cask drops and subsequent slap-downs (analyzed without impact limiters)

Conveyance derailments and collisions when carrying transportation casks and canisters
(conveyances would be trucks, railcars, cask transfer trolley, and site transporters)

Other objects dropped on transportation casks
Waste package drops
Waste package collision with other waste packages

Transport and emplacement vehicle (TEV) collisions with structures and another TEV
when carrying a waste package

Objects dropped on waste packages

Objects dropped on TEV.
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Many of these, such as collisions, derailments, and objects dropped onto casks/canisters, involve
far lower energy loads than drop events. For impact loads that are far less energetic than drops,
the drop probability is ratioed by impact energy to estimate the less energetic situation.

Shielding Degradation Events

Impact loads (such as drops) may not be severe enough to breach a transportation cask, but might
lead to degradation of shielding such that onsite nearby personnel are exposed.

The shielding degradation analysis is based primarily on results of finite element modeling
(FEM) performed for, four industry-wide transportation casks types for transportation accidents
as reported in NUREG/CR-6672 (Ref. 2.2.76). The results of the FEM analysis were used to
estimate threshold drop heights and thermal conditions at which loss of shielding (LOS) may
occur in repository event sequences. The four cask types include one steel monolith rail cask,
one steel/depleted uranium (SDU) truck cask, one steel/lead/steel (SLS) truck cask, and one SLS
rail cask. The study performed structural and thermal analyses for both failure of containment
boundaries and loss of shielding for accident scenarios involving rail cask and truck cask
impacting unyielding targets at various impact speeds from 30 miles per hour (mph) to greater
than 120 mph. Impact orientations included side, corner, and end. The study also correlated the
damage to impacts on real targets, including soil and concrete.

NUREG/CR-6672 (Ref. 2.2.76) addresses two modes of shielding degradation in accident
scenarios: Deformations of lid and closure geometry that permit direct streaming of radiation;
and/or reductions in cask wall thickness, or relocation of the depleted uranium or lead shielding.
The shielding degradation due to lid/closure distortion can be accompanied by air-borne releases
if the inner shell of the cask is also breached.

The structural analyses do not credit the energy absorption capability of impact limiters.
Therefore, the results are deemed applicable to approximate the structural response of
transportation and similar casks in drop scenarios for the IHF.

Principal insights reported in NUREG/CR-6672 (Ref. 2.2.76) are the following:

e Monolithic steel rail casks do not exhibit any shielding degradation, but there may be
some radiation streaming through gaps in closures in any of the impact scenarios.

o Steel/depleted uranium/steel truck cask exhibited no shielding degradation, explained by
modeling that included no gaps between forged depleted uranium segments so that no
displacement of depleted uranium could occur.

e The SLS rail and truck casks exhibit shielding degradation due to lead slumping. Lead

slump occurs mostly on end-on impact, with a lesser amount in corner orientation. For
side-on orientation, there is no significant reduction in shielding.
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Therefore, this analysis focuses on SLS casks to estimate the drop or collision conditions that
could result in shielding degradation from lead slumping. Since it is not possible to predict at
this time the fraction of casks to be delivered during the preclosure period that will be of the
steel-lead-steel type, all transportation casks are analyzed as described below.

The Shipping Container Response to Severe Highway and Railway Accident Conditions.
NUREG/CR-4829 (Ref. 2.2.43) defines three levels of cask response, characterized by the
maximum effective plastic strain within the inner shell of a transport cask. Of these, level S3 has
strain levels between 2.0% and 30% which produces large distortions, seal leakage likely and
lead slump likely. The minimum strain level associated with S3 was applied to the strain versus
impact speed results from the FEM (Ref. 2.2.76) to establish a median threshold impact speed for
the onset of shielding degradation. The threshold speeds are translated into equivalent drop
heights, using calculated bottom corner drops for impact loads onto real concrete targets, not
idealized rigid targets. Use of a conservative coefficient of variation coupled with the median,
allowed a lognormal fragility curve as a function of drop height (or equivalently impact speed),
to be developed. Each event sequence may be characterized by a conservative impact speed.
For example, the maximum speed of onsite vehicles is 2.5 mph by design (with exception of
9 mph for the site prime mover) and a cask drop height of 15 feet is unlikely, by design, to be
exceeded. Using Equation 4, the fragility curve was combined with the maximum or a
conservative estimate of impact speed (or equivalent drop height).

Fire Events Associated with Possible Containment Breach

Fire initiated events are included in the PCSA, which probabilistically analyzes the full range of
possible fires that can occur, as well as variations in the dynamics of the heat transfer and
uncertainties in the failure temperature of the target. This analysis focuses on fires that might
directly impact the integrity of cask, canister, and waste package containment. Equation 3 is
used for this purpose. The fragility analysis includes the uncertainty in the temperature that
containment will be breached, and the uncertainty in the thermal response of the canister to the
fire. In calculating the thermal response of the canister, variations in the intensity and duration
of the fire are considered along with conditions that control the rate of heat transfer to the
container, e.g., convective heat transfer coefficients, view factors, emissivities, etc. In
calculating the failure temperature of the canister, variations in the material properties of the
canister are considered, along with, variations in the loads that lead to failure. The load or
demand is associated with uncertainty in the fire severity.

Fire severity is characterized by the fire temperature and duration, since these factors control the
amount of energy that the fire could transfer to a cask, canister, or waste package. (In this
analysis, these are referred to as targets.) The duration of the fire is taken to be the amount of
time a particular container is exposed to the fire, and not necessarily the amount of time a fire
burns. Probability distributions of the fire temperature and fire duration are based on the
unavailability of manual or automatic suppression, which leads to an assessment that
significantly overstates the risk of fires.
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4.3.2.2.1 Uncertainty in Fire Duration

An uncertainty distribution for the fire duration is developed by considering test data and
analytical results reported in several different sources; some specific to the YMP facilities and
some providing more industry-wide information. In general, the fire durations are found to
depend upon the amount, type, and configuration of the available combustible material.

Based on a review of the available information, it is determined that two separate uncertainty
distributions would be needed: one for conditions without automatic suppression and one for
conditions with automatic suppression. The derivation of these two distributions is discussed
below.

Uncertainty in fire duration was developed from:
o Utilisation of Staftistics to Assess Fire Risks in Buildings (Ref. 2.2.78)

o Heat and Mass Release for Some Tramsient Fuel Source Fires: A Test Report.
NUREG/CR-4680 (Ref. 2.2.56)

o Quantitative Data on the Fire Behavior of Combustible Material in Nuclear Power
Plants: A Literature Review. NUREG/CR-4679 (Ref. 2.2.57).

The derivation of the distribution of fire duration is described in Attachment D,
Sections D2.1.1.2 and D2.1.1.3.

The fire temperature used in this calculation is the effective blackbody temperature of the fire.
This temperature implicitly accounts for the effective emissivity of the fire, which for large fires
approaches a value of 1.0 (Ref. 2.2.71, p. 2-56). Fires within a YMP facility may involve both
combustible solid and liquid materials. A probability distribution for the fire temperature was
derived by combining fire severity information for compartment fires discussed in SFPE
Handbook of Fire Protection Engineering (Ref. 2.2.71, Section 2, Chapter 2) with information
about liquid hydrocarbon pool fires. The derivation of this distribution is described in
Attachment D, Section D2.1.2. The fire temperature is normally distributed with a mean of
1,072 K (799°C) and a standard deviation of 172 K. The mean of this distribution is
approximately equal to the transportation cask design basis fire temperature of 800°C specified
in 10 CFR 71.73, Hypothetical Accident Conditions (Ref. 2.3.3).

Fire temperature and duration are negatively correlated. Intense fires with high fire temperatures
tend to be short-lived because the high temperature results from very rapid burning of the
combustible material. In determining the joint probability distribution of fire duration and
temperature, a negative correlation coefficient of -0.5 was used (refer to Attachment D,
Section D2.1.3).

The thermal response of the canister is calculated using simplified radiative, convective, and
conductive heat transfer models, which have been calibrated to more precise models. The
simplified models are found to accurately match predictions for heating of the canister in either a
cask or waste package. The heat transfer models are simplified in order to allow a probabilistic
analysis to be performed using Monte Carlo sampling. The models consider radiative and
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convective heat transfer from the fire to the canister, cask, waste package, or shielded bell. This
analysis conservatively models the fire completely engulfing the container.

When calculating the heat load on the target for a fully engulfing fire, radiation is the dominant
mode of heat transfer between the fire and the target. The magnitude of the radiant heating of
the container depends on the fire temperature, the emissivity of the container, the view factor
between the fire and the container, also the duration of the fire.

The total radiant energy deposited in the container can be roughly estimated using Equation 5:

de = 8Fch(T re)4Al (Eq 5)

where

O;.a = I1ncident radiant energy over the fire duration (J)

g = emissivity of the container

Fy = container-to-fire view factor

o = Stefan-Boltzmann constant (W/m* K*)

Ts. = equivalent blackbody fire temperature (K)

A = container surface area (m?)

t = duration of the fire (s)

The following variables in this equation are treated as uncertain: fire temperature, view factor,
and fire duration. In the case of a canister inside a waste package, cask, or shielded bell, a more
complicated set of equations is used to simulate outer shell heat up and subsequent heat transfer
to layers of containment or shielding and then to the canister itself. The model also includes
heating of the canister by decay heat from the spent fuel or high-level radioactive waste.

To estimate the uncertainty associated with target fragility, two failure modes were considered:

1. Creep-Induced Failure. Creep is the plastic deformation that takes place when a
material is held at high temperature for an extended period under tensile load. This
mode of failure is possible for long duration fires.

2. Limit Load Failure. This failure mode occurs when the load exerted on a material
exceeds its structural strength. As the temperature of the canister increases in
temperature, its strength decreases. Failure is generally predicted at some fraction
(usually around 70%) of the ultimate strength.

Failure is considered to occur when either of the failure thresholds is exceeded.

Equation 3, along with the heat transfer equations, are solved using Monte Carlo simulation
(described in Section 4.3.7) with the above described fragility and target fire severity probability
distributions, and distributions for the uncertain heat transfer factors. For each Monte Carlo trial,
the calculated maximum canister temperature is compared to the sampled target failure
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temperature. If the maximum temperature of the target exceeds the sampled failure temperature,
then target failure is counted. The failure probability in this method is equal to the fraction of the
samples for which failure is calculated.

Uncertainty in the calculated canister failure probability is given by a calculated mean and
standard deviation, where the mean is simply the number of failures divided by the total number
of samples and the standard deviation is given by Equation 6 for the standard deviation of a
binomial distribution:

N-ngy
N )
N (Eq. 6)

Nei (
c=1N

where ng,y 18 the number of trials in which failure occurs and N is the total number of Monte
Carlo trials.

Fire Event Associated with Shielding Degradation

The thermal analyses in Reexamination of Spent Fuel Shipment Risk Estimates. NUREG/CR-
6672 (Ref. 2.2.76) indicates that the probability of shielding degradation in a fire scenario should
be based on the probability of having a fire that is equivalent to a 1,000°C engulfing fire that
lasts for more than a half-hour. However, shielding degradation does not occur unless there is a
coincident puncture or breach in the cask that allows a pathway for melted lead to flow out of its
usual configuration. These threshold conditions apply to all cask types and would result in
radiation streaming from the cask.

The transportation cask is present within the YMP facilities in only three areas: vestibules,
preparation rooms, and unloading rooms. The fire ignition frequencies of these areas are
summed up in Section 6.5 and Attachment F. Furthermore, the method described above for
obtaining the probability distribution of fire severity from input distributions of fire temperature
and fire duration, resulted in an estimate of the conditional probability of the threshold fire given
a fire ignition. This is a conservative calculation because it did not include the conditional
probability that a puncture or failure through the wall to the lead shielding must also occur for
shielding degradation.

Other Thermal Events Associated with Possible Breach

The PCSA focuses on the potential of cask, canister, and waste package breach associated with
fires. As described above, the fires of most interest were those that surround the target
containment. However, heatup associated with loss of building cooling was also considered.

The analysis of loss of building cooling on containment integrity takes a similar, conservative,
analytical approach. A bounding set of conditions and configurations are postulated, and then
using the ANSYS code (Ref. 2.2.14), the maximum steady state temperature is compared to the
temperature at which the component would be expected to fail. In no case is a containment
barrier found to be near its failure threshold from loss of building cooling.
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4.3.3 Utilization of Industry-Wide Reliability Data
4.3.3.1 Use of Population Variability Data

The quantification of event sequence probabilities via event tree and fault tree modeling requires
information on the reliability of active equipment and components, as usually represented in fault
tree basic events. The PCSA attempts to anticipate event sequences before they happen, which
means that associated equipment reliabilities are uncertain.

As presented in Fault Tree Handbook (Ref. 2.2.80, Figure X-8, p. X-23), the typical model of
failure probability for a component is depicted as a “bathtub curve” illustrated in Figure 4.3-8.
The curve is divided into three distinct phases. Phase I represents the component failure
probability during the “burn-in” period. Phase II corresponds to the “constant failure rate
function” where the exponential distribution can be applied to calculate the probability of failure
within a specified “mission time.” Toward the end of the component life or the wear-out period,
which is represented by Phase III of the curve; the probability of failure increases.

Failure rate, A(t)
A

Component life (1)

Source: Fault Tree Handbook (Ref. 2.2.80, Figure X-8, p. X-23)
Figure 4.3-8.  Component Failure Rate “Bathtub Curve” Model

As is usually done in PRA, the PCSA uses Phase 11 because Phase I failures are identified by
burn-in testing of equipment before repository operations occur and Phase III failures are
eliminated by preventive maintenance which includes manufacturer recommended replacement
intervals. In Phase II, the component time-to-failure probability can be represented with the
exponential distribution. The probability of failure of a given component (or system) depends on
the value of the constant failure rate, A, and the mission time, t,, as follows in Equation 7:

Pr(At,) = 1 —exp (-11,) (Eq. 7)
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When the product Az, is small (<0.1), the failure probability may be calculated by the following
Equation 8 approximation, which introduces less than a 10% error:

Pr(Aty) = My (Eq. 8)

The PCSA also uses the concept of unavailability to estimate basic event probabilities. This
applies to standby equipment such as the emergency diesel generators and fire suppression. In
accordance with reliability theory, after each test the component or system is considered “good
as new” with a “resetting” of the time-to-failure “clock” for the exponential failure model. The
unavailability factor is evaluated as the probability of failure during the time between tests, t.
The average unavailability factor, or failure on demand of the standby unit, g4, is calculated as
shown in Equation 9:

qa(A, 7 = 12(A7) (Eq. 9)

In this model the component failure rate is constant between tests, the test does not require any
time, and the test neither introduces another failure mode nor changes the failure rate of the
component.

Failure on demand is also needed for equipment, such as cranes, that is challenged in discrete
steps. This model is not based on time in service; it is based on the number of times the
component or system is called upon to perform its safety function.

Information about hardware failure is characterized as one of the following:

1. Historical performance of successes and failures of an identical piece of equipment
under identical environmental conditions and stresses that are being analyzed (e.g.,
operational experience).

2. Historical performance of successes and failures of an identical piece of equipment
under conditions other than those being analyzed (e.g., test data).

3. Historical performance of successes and failures of a similar piece of equipment or
similar category of equipment under conditions that may or may not be those under
analysis (e.g., another program’s test data or data from handbooks or compilations).

4. General engineering or scientific knowledge about the design, manufacture, and
operation of the equipment or an expert’s experience with the equipment.

The YMP repository has not yet operated, and test information on prospective equipment has not
yet been developed. It is assumed that equipment and SSCs designed and purchased for the
Yucca Mountain repository will be of the population of equipment and SSCs represented in U.S.
industry-wide reliability information sources (Assumption 3.2.1). Furthermore, the uncertainty
in reliability is represented by the variability of reliabilities across this population. Attachment C
contains the list of industry-wide reliability information sources used in the PCSA.
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The lack of actual operating experience, the use of industry-wide data, and the consideration of
uncertainties (Ref. 2.2.66) suggested that a Bayesian approach was appropriate for the PCSA. A
Bayesian approach and the use of judgment in expressing the state-of-knowledge of basic event
unreliability is a well-recognized and accepted practice (Ref.2.2.51, Ref 2.2.10, and
Ref. 2.2.59). Furthermore, HLWRS-1SG-02 includes the use of engineering judgment, supported
by sufficient technical basis, as a means of justifying reliability estimates for certain SSCs
(Ref. 2.2.66).

Let A, be one failure rate of a set of possible failure rates of a component and £ be a new body of
evidence. Knowledge of the probability of 4; given £, is represented by P(4/E). For a failure
rate, frequency, or probability of active equipment, Bayes’ theorem is stated as follows in
Equation 10:

P(A)L(E/A,))
S P(A)P(EIA,)

P4,/ E)= (Eq. 10)

In summary, this states that the knowledge of the “updated” probability of 4, given the new
information £, equals the “prior” probability of 4; before any new information, times the
likelihood function, L(£/4;). The likelihood function is a probability that the new information
really could be observed, given the failure rate 4,. The numerator in Equation 10 is divided by a
normalization factor, which must be such that the sum of the probabilities over the entire set of 4,
equals unity. If there is actual operational experience available, then the steps in an application
of Bayes’ theorem would be as follows: 1) estimate the prior probability using one or more of the
four reliability data types; 2) obtain new information in the form of tests or experiments; 3)
characterize the test information in the form of a likelihood function; and 4) perform the
calculation in accordance with Equation 10 to infer the updated probability.

The PCSA used industry-wide reliability data to develop Bayesian prior distributions for each
active equipment/component failure mode in the fault trees. Updates per Equation 10 will await
actual test and operations. The following summarizes the methods used to develop the Bayesian
prior distributions.

Using multiple reliability databases will typically cause a given active component to have
various reliability estimates, each one from a different source. These various estimates can be
viewed as independent samples from the same distribution, g, representing the source-to-source
variability, also called population wvariability, of the component reliability (Ref 2.2.10,
Section 8.1). In a Bayesian approach to reliability estimation, the population-variability
distribution of a component constitutes an informative prior distribution for its reliability. The
population-variability distributions developed in this analysis attempt to encompass the actual
component reliability distributions that will be observed at the GROA when operating experience
becomes available.
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A parametric empirical Bayes method is used to develop the population-variability distributions
of active components considered in the PCSA. As indicated in Bayesian Parameter Estimation
in Probabilistic Risk Assessment (Ref. 2.2.72, Section 5.1.2), this method is a pragmatic
approach that has been used in PRA-related applications; it involves specifying the functional
form of the prior population-variability distribution, and fitting the prior to available data, using
classical techniques, for example the maximum likelihood method. A discussion of the
adequacy of the parametric empirical Bayes method for determining the population-variability
distribution is given at the end of this section.

Applying the parametric empirical Bayes method requires first, to categorize the reliability data
sources into two types: those that provide information on exposure data, (i.e., the number of
failures that were recorded over an exposure time (in case of a failure rate)), or over a number of
demands (in case of a failure probability), and those that do not provide such information. In the
latter case, reliability estimates for a failure rate or failure probability are provided in the form of
a mean or a median value, along with an uncertainty estimate, typically an error factor.

For each data source, the reliability information about a component’s failure rate or failure
probability is mathematically represented by its likelihood function. If exposure data are
provided, the likelihood function takes the form of a Poisson distribution (for failure rates), or a
binomial distribution (for failure probabilities) (Ref. 2.2.72, Section 4.2). When no exposure
data is available, the reliability estimates for failure rates or failure probabilities are interpreted
as expert opinion, for which an adequate representation of the likelihood function is a lognormal
distribution (Ref. 2.2.72, Section 4.4) and (Ref. 2.2.49, pp. 312, 314, and 315).

The next step is to specify the form of the population-variability distribution. In its simplest
form, the parametric empirical Bayes method only considers exposure data and employs
distributions that are conjugate to the likelihood function (i.e., a gamma distribution if the
likelihood is a Poisson distribution, and a beta distribution if the likelihood is binomial)
(Ref. 2.2.10, Section 8.2.1), which have the advantage of resulting in relatively simpler
calculations. This technique, however, is not applicable when both exposure data and expert
opinion are to be taken into consideration, because no conjugate distribution exists in this
situation. Following the approach of The Combined Use of Data and Expert Estimates in
Population Variability Analysis (Ref. 2.2.49, Section 3.1), the population-variability distribution
in this case is chosen to be lognormal. More generally, for consistency, the parametric empirical
Bayes method is applied using the lognormal functional form for the population-variability
distributions regardless of the type of reliability data available for the component considered
(exposure data, expert opinion, or a combination of the two). In the rest of this section, the
population-variability distribution in its lognormal form is noted g(x, v, z‘), where x is the

reliability parameter for the component (failure rate or failure probability), and v and 1, the two
unknowns to be determined, are respectively the mean and standard deviation of the normal
distribution associated with the lognormal. The use of a lognormal distribution is appropriate for
modeling the population-variability of failure rates and failure probabilities, provided in the latter
case that any tail truncation above x = 1 has a negligible effect (Ref. 2.2.72, p. 99). The validity
of this can by confirmed by selecting the failure probability with the highest mean and the most
skewed lognormal distribution and calculating what the probability is of exceeding 1. In
Table C4-1 of Appendix C, PRV-FOD fits this profile, with a mean failure probability of
6.54E-03 and an error factor of 27.2. The probability that the distribution exceeds 1 is 2E-04.
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Stated equivalently, 99.98 percent of the values taken by the distribution are less than 1. This
confirms that the use of a truncated lognormal distribution to represent the probability
distribution is appropriate.

To determine v and T, it is first necessary to express the likelihood for each data source as a
function of v and t only, (i.e., unconditionally on x). This is done by integrating, over all
possible values of x, the likelihood function evaluated at x, weighted by the probability of
observing x, given v and 1. For example, if the data source 7 indicates that r failures of a
component occurred out of 1 demands, the associated likelihood function Z, (v, ), unconditional

on the failure probability x, is as follows in Equation 11:
1
L(v,7)= IBinom(x, r,n)x g(x, v, 7)dx (Eq. 11)
0

where Binom(x,r,n)represents the binomial distribution evaluated for r failures out of n
demands, given a failure probability equal to x, and g(x, v, z') is defined as previously indicated.

This equation is similar to that shown in Bayesian Parameter Estimation in Probabilistic Risk
Assessment (Ref. 2.2.72, Equation 37). If the component reliability is expressed in terms of a
failure rate and the data source provides exposure data, the binomial distribution in Equation 11
would be replaced by a Poisson distribution. If the data source provided expert opinion only (no
exposure data), the binomial distribution in Equation 11 would be replaced by a lognormal
distribution.

The maximum likelihood method is an acceptable method to determine v and t (Ref. 2.2.72,
p. 101). The maximum likelihood estimators for v and t are obtained by maximizing the
likelithood function for the entire set of data sources. Given the fact that the data sources are
independent, the likelihood function is the product of the individual likelihood functions for each
data source (Ref. 2.2.49, Equation 4). To find the maximum likelihood estimators for v and 7, it
is equivalent and computationally convenient to maximize the log-likelihood function, which is
the sum of the logarithms of the likelihood function for each data source.

The calculation of v and T completely determines the population-variability distribution g for the
reliability of a given active component. The associated parameters to be plugged into SAPHIRE
are the mean and the error factor of the lognormal distribution g, which are calculated using the
formulas given in Handbook of Parameter Estimation for Probabilistic Risk Assessment.
NUREG/CR-6823 (Ref. 2.2.10, Section A.7.3). Specifically, the mean of the lognormal
distribution is equal to exp(v + 1%/2) and the error factor is equal to exp(1.645 x 7). A discussion
of the adequacy of the empirical Bayes method for the YMP analysis is found in Attachment C.

An adjustment to the parametric empirical Bayes method was done in a few instances where the
error factor of the calculated lognormal distribution was found to be excessive. In a synthetic
examination of the failure rates of various components, “External Maintenance Rate Prediction
and Design Concepts for High Reliability and Awvailability on Space Station Freedom”
(Ref. 2.2.45, Figure 3) finds that electromechanical and mechanical components have, overall, a
range of variation approximately between 2 x 10%/hr (5th percentile) and 6 x 10”/hr (95th
percentile), using the definition of the error factor given in NUREG/CR-6823 (Ref. 2.2.10,
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Section A.7.3), this corresponds to an error factor of \/ 6-107°/2-10"° =55. Therefore, in the

PCSA, it is considered that lognormal distributions resulting from the empirical Bayes method
that yield error factors with a value greater than 55 are too diffuse to adequately represent the
population-variability distribution of a component. In such instances (i.e., the two cases in the
entire PCSA database when the error factors from the Bayesian estimation were greater than
200), the lognormal distribution used to represent the population-variability is modified as
follows. It has the same median as that predicted by the parametric empirical Bayes method, and
its error factor is assigned a value of 55. The median is selected as the unvarying parameter
because, contrary to the mean, it is not sensitive to the behavior of the tails of the distribution,
and therefore is unaffected by the value taken by the error factor. Based on the NUREG/CR-
6823 (Ref. 2.2.10, Section A.7.3), the median is calculated as exp(v), where v is obtained by the
maximum likelihood estimation.

A limitation of the parametric empirical Bayes method that prevented its use for all active
components of the PCSA is that the calculated lognormal distribution can sometimes have a very
small error factor (with a value around 1), corresponding to a distribution overly narrow to
represent a population-variability distribution. As indicated in NUREG/CR-6823 (Ref. 2.2.10,
p. 8-4), this situation can arise when the reliability data sources provide similar estimates for a
component reliability. The inadequacy of the parametric empirical Bayes method in such
situations is made apparent by plotting the probability density function of the lognormal
distribution, and comparing it with the likelihood functions associated with the reliability
estimates of each data source. In the cases where the lognormal distribution does not
approximately encompass the likelihood functions yielded by the data sources, it is not used to
model the population-variability distribution. Instead, this distribution is modeled using the data
source that yields the most diffuse likelihood using one of the two methods described in the next
paragraph.

To be developed, a population-variability distribution requires at least two data sources, and
therefore the previous method is not applicable when only one data source is available. In this
case, the probability distribution for the reliability parameter of an active component is that
yielded by the data source. For example, if the data source provides a mean and an error factor
for the component reliability parameter, the probability distribution is modeled in SAPHIRE as a
lognormal distribution with that mean, and that error factor. If the data source does not readily
provide a probability distribution, but instead exposure data, i.e., a number of recorded failures
over an exposure time for failure rates, or over a number of demands for failure probabilities, the
probability distribution for the reliability parameter is developed through a Bayesian update
using Jeffreys’ noninformative prior distribution as indicated in NUREG/CR-6823 (Ref. 2.2.10,
Section 6.2.2.5.2). This noninformative prior conveys little prior belief or information, thus
allowing the data to speak for itself.

4.3.3.2 Dependent Events

Dependent events have long been recognized as a concern for those responsible for the safe
design and operation of high-consequence facilities because these events tend to increase the
probability of failure of multiple systems and components. Two failure events, A and B, are
dependent upon when the probability of their coincidental occurrence is higher than expected
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if A and B were each an independent event. Dependent events occur from four dependence
mechanisms: functional, spatial, environmental, and human:

1. Functional dependence is present when one component or system relies on another to
supply vital functions. An example of a functional dependence in this analysis is
electric power supply to HVAC. Functional dependence is explicitly modeled in the
event tree and fault tree logic.

2. Environmental dependence is in play when system functionality relies on
maintaining an environment within designed or qualified limits. Here, an example is
material property change as a result of temperature change. Environmental effects are
modeled in the system reliability analyses as modifications (e.g., multiplying factors)
to system- and component-failure probabilities and are also included in the passive
equipment failure analyses. External events such as earthquakes, lightning strikes, and
high winds that can degrade multiple SSCs are modeled explicitly as initiating events
and are discussed in other documents (Ref. 2.2.27 and Ref. 2.4 .4).

3. Spatial dependence is at work when one SSC fails by virtue of close proximity to
another. For example, during an earthquake one SSC may impact another because of
close proximity. Another example is inadvertent fire suppression actuation which
wets SSCs below it. Spatial dependences are identified by explicitly looking for them
in the facility layout drawings. Inadvertent fire suppression is modeled explicitly in
the event trees and fault trees.

4. Human dependence is present when a structure, system, component, or function fails
because humans intervene inappropriately or failed to intervene. In the YMP, most
human errors are associated with initiating events (inadvertent actuation) or are pre-
initiator failures (failure to restore after maintenance). The PCSA includes an
extensive human reliability analysis which is described later in this section, in
Section 6.4 and in Attachment E. The results of the human reliability analysis (HRA)
are integrated into the event tree and fault tree models for a complete characterization
of event sequence frequency.

4.3.3.3 Common-Cause Failures

Common-cause failures (CCFs) can result from any of the dependence mechanisms described
above. The term common-cause failure is widely employed to describe events in which the same
cause degrades the function of two or more SSCs that are relied upon for redundant operations,
either at the same time or within a short time relative to the overall component mission time.
Because of their significance to overall SSC reliability when redundancy is employed, CCFs are
a special class of dependent failures that are addressed in the PCSA.

Because CCFs are relatively uncommon, it is difficult to develop a statistically significant
sample from monitoring only one system or facility, or even several systems. The development
of CCF techniques and data, therefore, rely on a national data collection effort that monitors a
large number of nuclear power systems. Typically, the fraction of component failures associated
with common causes leading to multiple failures ranges between 1% and 10% (Ref. 2.2.44,
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Ref. 2.2.54, and Ref. 2.2.50). This fraction depends on the component; level of redundancy (e.g.,
two, three, or four); duty cycle, operating and environmental conditions; maintenance
interventions; and testing protocol, among others. For example, equipment that is operated in
cold standby mode (i.e., called to operate occasionally on demand) with a large amount of
preventive maintenance intervention tends to have a higher fraction of CCFs than systems that
continuously run.

It is not practical to explicitly identify all CCFs in a fault tree or event tree. Surveys of failure
events in the nuclear industry have led to several parameter models. Of these, three are most
commonly used: the Beta Factor method (Ref 2.2.44), the Multiple Greek Letter method
(Ref. 2.2.53), which is an extension of the Beta Factor method, and the Alpha Factor method
(Ref. 2.2.54). These methods do not require an explicit knowledge of the dependence failure
mode.

The PCSA uses the Alpha Factor method (Ref. 2.2.54), which is summarized below. After
identifying potential CCF events from the fault trees, appropriate alpha factors are identified
according to the procedure described in Procedure for Analysis of Common-Cause Failures in
Probabilistic Safety Analysis NUREG/CR-5801 (Ref. 2.2.52). The general equations for
estimating the probability of a CCF event in which & of m components fail are as follows in
Equation 12, Equation 13, and Equation 14:

Q@MYLVQ

k-1 for staggered test (Eq. 12)

m—1

Ohmy =+ %
Lo

k-l for non-staggered test (Eq. 13)

where . denotes the alpha factor for size &, O, denotes the total failure probability, and:
a, = ka,

= (Eq. 14)

Industry-wide alpha factors used in the PCSA are taken from NUREG/CR-5801 (Ref. 2.2.52).
The process of applying these alpha factors is explained further in Attachment C, Section C3.
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4.3.4 Human Reliability Analysis

Human interactions that are typically associated with the operation, test, calibration, or
maintenance of an SSC (e.g., drops from a crane when using slings) are implicit in the empirical
data. If this is the case, empirical data may be used, provided human errors that cause the SSC
failures are explicitly enumerated and determined to be applicable to YMP operations. When
this was the case in the PCSA, the appropriate method of Section 4.3.3.1 was applied.
Otherwise, an HRA was performed, the methodology of which is summarized in this section.
The HRA task is performed in a manner that implements the intent of the high-level
requirements for HRA in Standard for Probabilistic Risk Assessment for Nuclear Power Plant
Applications (Ref. 2.2.6) and incorporates the guidance in Preclosure Safety Analysis — Human
Reliability Analysis (Ref. 2.2.65). It emphasizes a comprehensive qualitative analysis and uses
applicable quantitative models.

The HRA task identifies, models, and quantifies HFEs postulated for YMP operations to assess
the impact of human actions on event sequences modeled in the PCSA. YMP operations differ
from those of traditional nuclear power plants, and the HRA reflects these differences. Appendix
E.IV of Attachment E includes further discussion of these differences and how they influence the
choice of methodology.

The overall steps to the PCSA HRA are identification of HFEs, preliminary analysis (screening),
and detailed analysis. The HRA task ensures that the HFEs identified by the other tasks (e.g.,
HAZOP evaluation, MLD development): (1) are created on a basis that is consistent with the
HRA techniques used, (2) are appropriately reincorporated into the PCSA (modeled HFEs
derived from the previously mentioned PCSA methods), and (3) provide appropriate human error
probabilities (HEPs) for all modeled HFEs. The HRA work scope largely depends on boundary
conditions defined for it.

4.3.4.1 HRA Boundary Conditions

Unless specifically stated otherwise, the following general conditions and limitations are applied
throughout the HRA task. The first two conditions always apply. The remaining conditions
apply unless the HRA analyst determines that they are inappropriate. This judgment is made for
each individual action considered:

1. Only HFEs made in the performance of assigned tasks are considered. Malevolent
behaviors (e.g., deliberate acts of sabotage) are not considered in this task.

2. All personnel act in a manner they believe to be in the best interests of operations and
safety. Any intentional deviation from standard operating procedures is made because
employees believe their actions to be more efficient or because they believe the action
as stated in the procedure to be unnecessary.
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3.

Since the YMP is currently in the design phase, facility-specific information and
operating experience is generally not available. Instead, similar operations involving
similar hazards and equipment are reviewed to establish surrogate operating
experience to use in the qualitative analysis. Examples of reviewed information would
include SNF handling at reactor sites having independent spent fuel storages, chemical
munitions handling at U.S. Army chemical demilitarization facilities, and any other
facilities whose primary function includes handling and disposal of very large
containers of extremely hazardous material. Equipment design and operational
characteristics at the GROA facilities, once they are built and operating (including
crew structures, training, and interactions), are adequately represented by these
currently operating facilities.

The YMP is initially operating under normal conditions and is designed to the highest
quality human factor specifications. The level of operator stress is optimal unless the
analyst determines that the human action in question cannot be accommodated in such
a manner as to achieve optimal stress.

In performing the operations, the operator does not need to wear protective clothing
unless it is an operation similar to those performed in other comparable facilities
where protective clothing is required.

The tasks are performed by qualified personnel, such as operators, maintenance
workers, or technicians. All personnel are certified in accordance with the training and
certification program stipulated in the license. They are to be experienced and have
functioned in their present positions for a sufficient amount of time to be proficient.

The environment inside each YMP facility is not adverse. The levels of illumination
and sound and the provisions for physical comfort are optimal. Judgment is required
to determine what constitutes optimal environmental conditions. The analyst makes
this determination, and documents, as part of the assessment of performance
influencing factors, when there is a belief that the action is likely to take place in a
suboptimal environment. Regarding outdoor operations onsite, similar judgments
must be made regarding optimal weather conditions.

While all personnel are trained to procedures, and procedures exist for all work
required, the direct presence and use of procedures (including checklists) during
operation is generally restricted to actions performed in the control room. Workers
performing skill-of-craft operations do not carry written procedures on their person
while performing their activities.

These factors are evaluated qualitatively for each situation being analyzed.

4.3.4.2 HRA Methodology

The HRA consists of several steps that follow the intent of ASME RA-S-2002, Standard for
Probabilistic Risk Assessment for Nuclear Power Plant Applications (Ref. 2.2.6) and the process

guidance provided in Technical Basis and Implementation Guidelines for Technique for Human
Event Analysis (ATHEANA) NUREG-1624 (Ref. 2.2.62). The step descriptions are based on the
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ATHEANA documentation, with some passages taken essentially verbatim and others
paraphrased to adapt material that is based on nuclear power plants to the YMP facilities.
Additional information is available in the ATHEANA documentation (Ref. 2.2.62). Section 10.3
of Technical Basis and Implementation Guidelines for a Technique for Human FEvent Analysis
(ATHEANA) NUREG-1624 (Ref. 2.2.62) provides an overview of the method for incorporating
HFEs into a PRA. Figure 4.3-9 illustrates this integration method.
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Figure 4.3-9. Incorporation of Human Reliability Analysis within the PCSA
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Step 1: Define the Scope of the Analysis—The objective of the YMP HRA is to provide a
comprehensive qualitative assessment of the HFEs that can contribute to the facility’s event
sequences resulting in radiological release, criticality, or direct exposure. Any aspects of the
work that provide a basis for bounding the analysis are identified in this step. In the case of the
YMP, the scope is bounded by the design state of the facilities and equipment.

Step 2: Describe Base Case Scenarios—In this step, the base case scenarios are defined and
characterized for the operations being evaluated. In general, there is one base case scenario for
each operation included in the model. The base case scenario represents the most realistic
description of expected facility, equipment, and operator behavior for the selected operation.

Step 3: Identify and Define HFEs of Concern—Possible HFEs and/or unsafe actions (i.e.,
actions inappropriately taken or actions not taken when needed) that result in a degraded state are
generally identified and defined in this step. After HFEs are identified they must be classified to
support subsequent steps in the process. The result of this identification process is a list of HFEs
and a description of each HFE scenario, including system and equipment conditions and any
resident or triggered human factor concerns (e.g., performance-shaping factors (PSFs)). This
combination of conditions and human factor concerns then becomes the error-forcing context
(EFC) for a specific HFE. As defined by ATHEANA (Ref. 2.2.62), an EFC is the situation that
arises when particular combinations of PSFs and plant conditions create an environment in
which unsafe actions are more likely to occur. Additions to and refinements of these initial
EFCs are made during the preliminary and detailed analyses. The analyses performed in later
steps (e.g., Steps 6 and 7) may identify the need to define additional HFEs or unsafe actions.

Step 4: Perform Preliminary Analysis and Identify HFEs for Detailed Analysis—The
preliminary analysis is a type of screening analysis used to identify HFEs of concern. This type
of analysis is commonly performed in HRA to conserve resources for those HFEs that are
involved in the important event sequences. The preliminary quantification process consists of
the following subtasks:

1. Identification of the initial scenario context
2. Identification of the key or driving factors of the scenario context

3. Generalization of the context by matching it with industry-wide, contextually anchored
rankings or ratings

4. Discussion and justification of the judgments made in subtask 3
5. Refinement of HFEs, associated contexts, and assigned HEPs
6. Determination of final preliminary HEP for HFE and associated context.

Once preliminary values have been assigned, the model is run, and HFEs are identified for a
detailed analysis if (1) the HFE is a risk-driver for a dominant sequence, and (2) using the
preliminary values, that sequence is Category 1 or Category 2 according to the performance
objectives in 10 CFR Part 63.111 (Ref. 2.3.2).
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Step 5: Identify Potential Vulnerabilities—This information collection step defines the
context for Step 6 in which scenarios that deviate from the base case are identified. In particular,
analysts search for potential vulnerabilities in the operators’ knowledge and information base for
the initiating event or base case scenario(s) under study that might result in the HFEs and/or
unsafe actions identified in Step 4. The knowledge and information base is taken in the context
of the specific HFE being evaluated. It includes not only the internal state of knowledge of the
operator (i.e., what the operator inherently knows), but also the state of the information provided
(e.g., available instrumentation, plant equipment status). The HRA analysts rely on experience
in other similar operations.

Step 6: Search for HFE Scenarios—In this step, the analyst must identify deviations from the
base case scenario that are likely to result in risk-significant unsafe action(s). These deviations
are referred to as HFE scenarios. The method for identifying HFE scenarios in the YMP HRA is
stated in Step 3. This process continues throughout the event sequence development and
quantification. The result is a description of HFE scenarios, including system and equipment
conditions, along with any resident or triggered human factor concerns (e.g., PSFs). These
combinations of conditions and human factor concerns then become the EFC for a specific HFE.

Step 7: Quantify Probabilities of HFEs—Detailed HRA quantification is performed for those
HFEs that appear in dominant cut sets for event sequences that do not comply with 10 CFR
63.111 performance objectives (Ref. 2.3.2) after initial fault tree or event sequence
quantification. The goal of the detailed analysis is to determine whether or not the preliminary
HFE quantification is too conservative such that event sequences can be brought into compliance
by a more realistic HRA. However, the detailed analysis may result in a requirement for
additional design features or specification of a procedural control (Step 9) that reduces the
likelihood of a given HFE in order to achieve compliance with 10 CRF 63.111 performance
objectives (Ref. 2.3.2). The activities of a detailed HRA are as follows:

¢ Qualitative analysis (e.g., identification of PSFs, definitions of important characteristics
of the given unsafe action, assessment of dependencies)

e Selection of a quantification model
¢ Quantification using the selected model
e Verification that HFE probabilities are appropriately updated in the PCSA.
The four quantification approaches that are in the PCSA, either alone or in combination, follow:
1. Cognitive Reliability and Error Analysis Method (CREAM) (Ref. 2.2.47)

2. Human Error Assessment and Reduction Technique (HEART) (Ref. 2.2.81)-
Nuclear Action Reliability Assessment (NARA) (Ref. 2.2.35)
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3. Technique for Human Error Rate Prediction (THERP) with some modifications
(Ref. 2.2.77).

When an applicable failure mode cannot be reasonably found in one of the above
methods, then the following HRA method is used:

4. ATHEANA expert elicitation approach (Ref. 2.2.62).

The selection of a specific quantification method for the failure probability of an unsafe action(s)
is based upon the characteristics of the HFE quantified. Appendix E.IV of Attachment E
provides a discussion of why these specific methods were selected for quantification, as well as a
discussion of why some methods, deemed appropriate for HRA of nuclear power plants, are not
suitable for application in the PCSA. Tt also gives some background about when a given method
is applicable based on the focus and characteristics of the method.

Step 8: Incorporate HFEs into PCSA—After HFEs are identified, defined, and quantified,
they must be reincorporated into the PCSA. Section 10.3 of NUREG-1624 (Ref. 2.2.62)
provides an overview of the state-of-the-art method for performing this step in PRAs. The term
reincorporated is used because some HFEs are identified within the fault tree and event tree
analysis.  All event sequences that contain multiple HFEs are examined for possible
dependencies. Figure 4.3-9 shows how the different types of HFEs discussed previously are
incorporated into the model based on their temporal phase, which determines where in the model
each type of HFE is placed. More detailed discussion of how this is done is provided in
Attachment E.

Step 9: Evaluation of HRA/PCSA Results and Iteration with Design—This last step in the
HRA is performed after the entire PCSA is quantified. HFEs that ultimately prove to be
important to categorization of event sequences are identified. Because the YMP design and
operations were still evolving during the course of this analysis, they could be changed in
response to this analysis. This iteration is particularly necessary when an event sequence is not
in compliance with the performance objectives of 10 CFR 63.111 (Ref. 2.3.2) because the
probability of a given HFE dominates the probability of that event sequence. In those cases, a
design feature or procedural safety control could be added to reduce the probability or
completely eliminate the HFE. An example of such iteration includes the interlocks that ensure
that cask lids are securely grappled. The interlocks might have a bypass feature when a yoke is
attached to a grapple. An operator might fail to void the bypass when attempting to grapple a
heavy load. The design changed such that the bypass would automatically be voided (by an
electromechanical interlock) as soon as a yoke is attached to a grapple.
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4.3.4.3 Classification of HFEs

HFEs are classified to support the HRA preliminary analysis, selection of HRA quantification
methods, and detailed quantification. A combination of four classification schemes is used in the
YMP HRA. The first three schemes are familiar standards in HRA. The fourth scheme has its
basis in behavioral science and has been used in some second-generation HRA methods. The
four classification schemes are as follows:

1. The three temporal phases used in PRA modeling:

A. Pre-initiator
B. Human-induced initiator
C. Post-initiator

2.  Error modes:

A. Errors of omission (EOOs)
B. Errors of commission (EOCs)

3.  Human failure types:

A. Slips/lapses
B. Mistakes

4. Informational processing failures:

Monitoring and detection
Situation awareness
Response planning
Response implementation.

COow

These classification schemes are used in concert with each other. They are not mutually
exclusive. The first three schemes have been standard PRA practice; additional information on
these three schemes can be found in Section E5.1 of Attachment E. The fourth scheme is
summarized below.

Assessment of HFEs can be guided by a model of higher-level cognitive activities, such as an
information processing model. Several such models have been proposed and used in discussing
pilot performance for aviation. The model that is used for the YMP HRA is based on the
discussion in Chapter 4 of NUREG-1624 (Ref. 2.2.62) and consists of the following elements:

e Monitoring and detection—Both of these activities are involved with extracting
information from the environment. Also, both are influenced by the characteristics of
the environment and the person’s knowledge and expectations. Monitoring that is
driven by the characteristics of the environment is called data-driven monitoring.
Monitoring initiated by a person’s knowledge or expectations 1is called
knowledge-driven monitoring. Detection can be defined as the onset of realization by
operators that an abnormal event is happening.
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e Situation awareness—This term is defined as the process by which operators construct
an explanation to account for their observations. The result of this process is a mental
model, called a situation model that represents the operator’s understanding of the
present situation and their expectations for future conditions and consequences.

e Response planning—This term is defined as the process by which operators decide on a
course of action, given their awareness of a particular situation. Often (but not always)
these actions are specified in procedures.

e Response implementation—This term is defined as the activities involved with
physically carrying out the actions identified in response planning.

When there are short time frames for response and the possibility of severely challenging
operating conditions (e.g., environmental conditions) exists, then failures in all information
processing stages must be considered. Also, slips/lapses and mistakes are considered for each
information processing stage. Response implementation failures are expected to dominate the
pre-initiator failures that are modeled. Post-initiator failures and failures that initiate event
sequences can occur for all information processing stages, although detection failures are likely
to be important only for events requiring response in very short time frames.

4.3.5 Fire Analysis
Fire event sequence analysis consists of four parts:

1.  Development of fire ignition frequencies for each location in the facility or operations
area. These are all called fire initiating event frequencies.

2. Development of the fire severity in terms of both temperature and durations. This was
discussed in Section 4.3.2.

3. Development of the conditional probability of fire damaging a cask, canister, or waste
package target. This was also discussed in Section 4.3.2.

4. Development of and quantification of fire event sequence diagrams and event trees.
Development of the ESDs and event trees was discussed in Initial Handling Facility
LEvent Sequence Development Analysis (Ref. 2.2.28). Quantification of fire event trees
is conducted exactly like quantification of any other event tree and is described in
Section 4.3, Section 4.3.1, and Section 4.3.7.

This section summarizes the method for the fire initiating event analysis performed as a part of
the PCSA. The analysis was performed as part of an integrated analysis of internal fires in the
surface and subsurface facilities. The full fire analysis and detail on the methods and data are
documented in Attachment F to this volume. The fire analysis is subject to the boundary
conditions described in the following section.

70 March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

4.3.5.1 Boundary Conditions

The general boundary conditions used during the fire analysis are compatible with those
described in Section 4.3.10. The principal boundary conditions for the fire analysis are listed
below:

e Plant Operational State. Initial state of the facility is normal with each system operating
within its limiting condition of operation limits.

e Number of Fire Events to Occur. The facility is analyzed to respond to one fire event at
a given time. Additional fire events as a result of independent causes or of re-ignition
once a fire is extinguished are bounded by the one fire event.

e Ignition Source Counting. Ignition sources are counted in accordance with applicable
counting guidance contained in Defailed Methodology. Volume 2 of EPRI/NRC-RES
Fire PRA Methodology for Nuclear Power Facilities (Ref. 2.2.42).

e Fire Cable and Circuit Failure Analysis. Unlike nuclear power plants, which depend on
the continued operation of equipment to prevent fuel damage, the YMP facilities cease
operating on loss of power or control. Therefore, fire damage in rooms that do not
contain waste cannot result in an increased level of radiological exposure. See Section
6.0 for a more detailed explanation involving treatment of loss of electrical power.

e HVAC Fire Analysis. HVAC is not relied upon to mitigate potential releases associated
with fire event sequences in recognition that a large amount of fire generated, non-
radiological particulates could render the HVAC filters ineffective.

e No Other Simultaneous Initiating Events. The facility is analyzed to respond to one
initiating event at a given time. Additional initiating events as a result of independent
causes are bounded by the one initiating event.

e Data Collection Scope. The fire ignition data collection and analysis are performed for
locations relevant to waste handling in the facilities.

e Component Failure Modes. The failure mode of a SSC affected by a fire is the most
severe with respect to consequences. For example, the failure mode for a canister could
be the overpressurization of a reduced strength canister.

e Component Failure Probability. Fires large enough to fail waste containment
components will be large enough to fail all active components in the same room. Active
components fail in a de-energized state for such fires.

4.3.5.2 Analysis Method

Nuclear power plant fire risk assessment techniques have limited applicability to facilities such
as the IHF or other facilities in the GROA. The general methodological basis of the PCSA fire
analysis is the Chemical Agent Disposal Facility Fire Hazard Assessment Methodology
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(Ref. 2.2.69). Chemical agent disposal facilities are similar to those in the GROA in that these
facilities are handling and disposal facilities for highly hazardous materials. This is a “data
based” approach in that it utilizes actual historical experience on fire ignition and fire
propagation to determine fire initiating event frequencies. That approach has been adapted to
utilize data applicable to the YMP waste handling facilities. To the extent applicable to a non-
reactor facility, NUREG/CR-6850: Volumes 1 and 2 (Ref. 2.2.41 and Ref 2.2.42) are also
considered in the development of this analysis method. The method complies with the
applicable requirements of Fire PRA Methodology (Ref. 2.2.3) that are relevant to a non-reactor
facility. The steps in the analysis are summarized below and described in detail in Attachment F,
Section F4.

A. Identification of initiating events. Current techniques in fire risk assessment for
nuclear power plants focus on fire that can damage electrical and control circuits or
impact other equipment that can compromise process and safety systems. This type of
approach is not generally applicable to YMP because loss of electric power is a safe
state except for the need for HVAC after a release of radionuclides. In general, when
systems are affected by fire, they cease to function. While at a nuclear power plant
this is of concern, as described in Section 6.0 for the YMP waste handling facilities,
this means that fuel handling stops and initiating events capable of producing elevated
levels of radioactivity are essentially unrealizable. The fire analysis, therefore,
focused on the potential for a fire to directly affect the waste containers and cause a
breach that would result in a release, rather than analyzing fires that would remove
power from fuel handling systems. After a release of radionuclides, the HVAC
system, with its HEPA filtration, aids in the abatement radioactivity that is released
from buildings. However, the occurrence of fires tends to significantly reduce the
effectiveness of HEPA filtration and the fire event sequence analysis, therefore, does
not rely on this system. Consideration is given both to fires that start in rooms
containing waste and fires that start in other rooms and propagate to where the waste is
located. The four steps of this process are as follows:

1. Identify fire-rated barriers and designate fire zones. The facility is broken into
fire zones based on the location of fire-rated barriers. The rating of the barriers is
not significant to the methodology, so barriers of all ratings are considered. In
order for a fire zone to exist, the penetrations, doorways, and ducts must also be
limited to the perimeter of the zone. Note that a floor is always considered to be a
fire barrier as long as it is solid. Zones are identified by a number, determined by
the analyst, and will consist of one or more rooms.

2. Identify the rooms where waste can be present. Each room where waste can be
present, even if only for a brief time, is listed. The first set of fire initiating events
to be considered in the PCSA is fires that affect each of these rooms, but do not
affect other rooms that could contain waste.
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3.

Define local initiating events. Fire ignition occurrences are identified for each
room within a fire zone. The total occurrences of a fire within a room containing
a waste form is composed of the occurrences of ignitions in that room plus the
occurrences of ignitions in surrounding rooms, within the fire zone, which
propagate across room boundaries to the room containing the waste form. The
locations of fire initiating events were identified in the MLD (Ref. 2.2.28,
Attachment D).

Define large fire initiating events. Traditional fire risk studies for nuclear power
plants have tended to ignore large fires, arguing that the fire barriers in place will
prevent such occurrences. However, actual observed historical data shows that
large fires in buildings occur. Large fires are defined for this study as those that
spread to encompass the entire building. This is recognized in the latest fire risk
guidance from the NRC and Electric Power Research Institute (EPRI) (Ref. 2.2.42
and Ref. 2.2.41, Section 11.5.4) in which potential large fire initiating events are
identified. The general approach is as follows:

a) In the YMP facilities waste containers, except during the short time they are
being lifted by a canister transfer machine (CTM), are on the ground floor.
Continuing with the focus on rooms that contain waste forms, large fires may
be divided two ways. One is associated with fires that start on the ground
floor and spread to the entire building and the other is a fire that starts
anywhere else in the building.

b) As a practical analysis technique, any fire that spreads out of a fire area is
considered a large fire.

B. Quantification of fire ignition frequency. The quantification of initiating event
frequency involves three steps. First, the overall frequency of fire ignition for the
facility is determined, then that frequency is allocated to the individual room in the
facility based on the number and types of ignition sources in the rooms. Types of
ignition sources are characterized in general terms such as mechanical, electrical,
combustible liquid. Finally, propagation probabilities are applied to determine the
overall frequency that a fire reaches the area of the waste. Quantification uses data
from the following sources for equipment ignition frequencies and conditional
probabilities of propagation:

1.

2.

Utilisation of Statistics to Assess Fire Risks in Buildings (Ref. 2.2.78)

Detailed Methodology. Volume 2 of EPRI/NRC-RES Fire PRA Methodology for
Nuclear Power Facilities. EPRI TR-1011989 and NUREG/CR-6850.
(Ref. 2.2.42)

Summary & Overview. Volume 1 of EPRI/NRC-RES Fire PRA Methodology for
Nuclear Power Facilities. EPRI-1011989 and NUREG/CR-6850. (Ref. 2.2.41)
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4.

Fires in or at Industrial Chemical, Hazardous Chemical, and Plastic
Manufacturing Facilities:  1988-1997.  Unallocated Annual Averages and
Narratives (Ref. 2.2.1)

Structure Fires in Radioactive Material Working Facilities and Nuclear Energy
Plants of Non-Combustible Construction: 1980 — 1998 (Ref. 2.2.2)

Chemical Agent Disposal Facility Fire Hazard Assessment Methodology
(Ref. 2.2.69).

C. Determine initiating event frequency. The definition of each initiating event includes
the implicit condition that the fire actually threatens a target that contains radioactive
material. Therefore, for each initiating event, the initiating event frequency considers
two aspects: the fraction of time there is a waste container in the room, and the
probability of a fire propagates to that waste container. The probability of the
presence of a target waste form is the fraction of time that the waste form(s) is in the
area affected by the fire; (e.g., for a room fire, it is the fraction of time a waste form is
in the room). There are two types of propagation that are considered: propagation
within a room and propagation between rooms.

1.

Fire propagation within rooms. The question is whether the fire, which can ignite
wherever there is an ignition source in the room, reaches the area within the room
in which the waste is located. Equation 15 obtains:

Sieri = Puri [fi (FR, + (FR, x (Ppc + P+ (Ffo P.))] (Eq. 15)
where

fier: = frequency of fire affecting waste form, i-th room

P.,; = probability that a waste form is in the i-#h room

fi = frequency of ignition, i-th room

IR, = fraction of ignition sources at the waste form

FR, = fraction of ignition sources near the waste form

P,. = conditional probability for fire confined to part of room of origin

FRr = fraction of ignition sources far from the waste form

P,. = conditional probability for fire confined to room of origin

The values for P, Py, and P, in the previous equation were developed from the
analysis performed by National Fire Protection Association (NFPA) (Ref. 2.2.2).
The frequency f;is the sum of frequencies of ignition of all ignition sources in the

room. The fraction of ignition sources at, near, and far from the waste form was
developed from equipment layout drawings such as:

a) Initial Handling Facility Electrical Room FEquipment Layout (Ref. 2.2.19)
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4.3.6

2.

b) Initial Handling Facility General Arrangement Ground Floor Plan
(Ref. 2.2.20)

Fire propagation to large fire. The probability of a large fire (defined for this
study as one that propagates beyond the fire area of origin) is developed from
Equation 16:

Jierfmri = Ji X Pre (Eq. 16)
where
Jierpr = frequency of fire in zone j starting in room 1
Ji

Pr = conditional probability for fire extending beyond the fire area of origin.

frequency of ignition, i-th room

The probability of a fire extending beyond the fire area of origin is found from
NFPA (Ref. 2.2.2).

The final initiating event frequency is determined by multiplying the frequency of
the fire reaching the waste form (in occurrences per year) times the probability
that a waste form is present (fraction of time per waste form) times 50
(years / operating lifetime during the preclosure period). This yields the initiating
event frequency for a fire of a specific severity affecting a waste form, per waste
form processed, over the preclosure period. The remainder of the event sequence
quantification follows in Section 4.3.6.

Event Sequence Quantification

4.3.6.1 Overview of Quantification

Event sequences are represented by event trees and are quantified via the product of the initiating
event frequency and the pivotal event probabilitics. Event sequences that lead to a successful end
state (designated as “OK”) are not considered further. The result of quantification of an event
sequence 1s expressed in terms of the number of occurrences over the preclosure period. This
number is the product of the following factors:

1.

The number of demands (sometimes called trials) or the time exposure interval of the
operation or activity that gives rise to the event sequence. For example, this could be
the total number of transfers of a cask in a facility preparation area.

The frequency of occurrence per demand or per time interval of the initiating event.
For example, this could be the frequency of cask drop per transfer by a crane.
Initiating event frequencies are developed either using fault trees or by direct
application of industry-wide data, as explained in Section 4.3.2. Factors one and two
are represented in the initiator event trees.

75 March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

3. The conditional probability of each of the pivotal events of the event sequence, which
appear in the associated system-response event tree. These probabilities are the results
of a passive equipment failure analyses, fault tree analyses (e.g., HVAC), and direct
probability input (e.g., moderator introduced), or judgment. For example, the
conditional probability of cask failure given a drop from 12 feet or less is less
than 1E-05.

SAPHIRE Version 7.26 (Section 4.2) is used as the integrating software for the Boolean
reduction and quantification of event sequences. All fault trees and event trees are entered into
or produced directly in SAPHIRE. All reliability information relevant to quantification is input
into SAPHIRE. Following analyst input instructions or rules, SAPHIRE performs the following
functions for this analysis:

e Following analyst instructions, links the initiator event tree with the appropriate system
response event tree.

¢ Following analyst instructions, called rules, links the fault trees and direct pivotal event
input probabilities that are involved in an event sequence.

e Performs the Boolean manipulations to obtain minimal cut sets.
e Combines the minimal cut sets of each event sequence and each end state.

¢ Combines the minimal cut sets of each end state of all little bubbles to obtain the set of
minimal cut sets of an end state for a big bubble initiating event.

¢ Obtains point estimate number of occurrences of the minimal cut sets using the entered
reliability information.

e Obtains the probability distributions of the minimal cut sets using the entered
uncertainty information.

e Provides reports, as specified by the analyst, for each end state of each big bubble.

Development of analyst instructions, or rules, is facilitated by the following naming convention.
The names identified in the initiating event fault trees are defined to be unique to the event tree.
Fault trees are linked by development of a linking fault tree to transfer the appropriate fault tree
to the event tree pivotal event or initiating event. Figure 4.3-10 shows an example of this.
ESD15-WP-H&D-TILT is the unique identifier that is assigned to the initiating event tree to
represent the initiating event for a premature WPTT tiltdown. The benefit to using this method
is that many smaller, specific fault trees can be linked together into a single initiating or pivotal
event, thereby reducing the work associated with development of event sequence specific
fault trees.
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WPTT Tiltdown

ESD15-WP-H&D-TILT

Premature Tiltdown
of WPTT

060-WPTT-PRE-TILTDOWN

NOTE: WPTT = waste package transfer trolley.
Source: Original

Figure 4.3-10. Transfer from Event Tree to Fault Tree

The frequency of each minimal cut set is the product of the frequency and conditional
probabilities of the events that compose it. The frequency of each event sequence is a
probabilistic sum of the frequencies of each minimal cut set.

SAPHIRE, developed by Idaho National Laboratory, stands for "Systems Analysis Programs for
Hands-on Integrated Reliability Evaluations." It is 32-bit software that runs under Microsoft
Windows. Features of SAPHIRE that help an analyst build and quantify a set of event trees and
fault trees are as follows:

o A listing of where a basic event appears, including within cut sets. Conversely, the basic
events that are nof used are known and can be easily removed when it comes time to
“clean” the database.

e Context-driven menu system that performs actions (report cut sets, view importance
measures, display graphics, etc.) on objects such as fault trees, event trees, and event
sequences.
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Fault trees can be constructed and analyzed to obtain different measures of system unreliability.
These system measures are:

¢ Overall initiating or pivotal event failure frequency
e Minimal cut sets size, number, and frequency
¢ Built in features include:

— Generation, display, and storage of cut sets
Graphical editors (fault tree and event tree)
Database editors

— Uncertainty analysis

Data Input/Output via ASCII text files (MAR-D)
Special seismic analysis capability.

SAPHIRE is equipped with two uncertainty propagation techniques: Monte Carlo and Latin
Hypercube sampling. To take advantage of these sampling techniques, twelve uncertainty
distributions are built such that the appropriate distribution may be selected. SAPHIRE contains
a cross-referencing tool, which provides an overview of every place a basic event, gate,
initiating, or pivotal event is used in the model.

4.3.6.2 Propagation of Uncertainties and Event Sequence Categorization with
Uncertainties

The fundamental viewpoint of the PCSA is probabilistic in order to develop information suitable
for the risk informed nature of 10 CFR Part 63 (Ref. 2.3.2). Any particular event sequence may
or may not occur during any operating time interval, and the quantities of the parameters of the
models may not be precisely known. Characterizing uncertainties and propagating these
uncertainties through the event tree/fault tree model is an essential element of the PCSA. The
PCSA includes both aleatory and epistemic uncertainties. Aleatory uncertainty refers to the
inherent variation of a physical process over many similar trials or occurrences. For example,
development of a fragility curve to obtain the probability of canister breach after a drop would
involve investigating the natural variability of tensile strength of stainless steel. Epistemic
uncertainty refers to our state of knowledge about an input parameter or model. Epistemic
uncertainty is sometimes called reducible uncertainty because gathering more information can
reduce the uncertainty. For example, the calculated uncertainty of a SSC failure rate developed
from industry-wide data will be reduced when sufficient GROA specific operational information
is included in a Bayesian analysis of the SSC failure rate.

Uncertainty in the value of any input parameter and the event sequence frequency is expressed
by a probability distribution. Probability distribution is propagated through models using
SAPHIRE. As described in Section 4.3.1, categorization is performed using the mean value of
event sequences emanating from the big bubble in Figure 4.3-4. By the definition of the term,
mean values are derived solely from probability distributions.
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Using the screening criteria set out in 10 CFR 63.2 (Ref. 2.3.2), the categorization of an event
sequence that is expected to occur m times over the preclosure period (where m is the mean or
expected number of occurrences) is carried out as follows:

o A value of m greater than or equal to one places the corresponding event sequence into
Category 1.

o A value of m less than one indicates that the corresponding event sequence is not
expected to occur before permanent closure. To determine whether the event sequence
is Category 2, its probability of occurrence over the preclosure period needs to be
compared to 10, A measure of the probability of occurrence of the event sequence
over the preclosure period is given by a Poisson distribution that has a parameter taken
equal to m. The probability, P, that the event sequence occurs at least one time before
permanent closure is the complement to one that the event sequence occurs exactly zero
times during the preclosure period. Using the Poisson distribution, P = 1 — exp(—m), a
value of P greater than or equal to 10" implies that the value of m is greater than or equal
to —In(1 — P) = m, which is numerically equal to 10™*. Thus, a value of m greater than or
equal to 10, but less than one, implies the corresponding event sequence is a
Category 2 event sequence.

e Event sequences that have a value of m less than 10" are designated as Beyond
Category 2.

Using either Monte Carlo or Latin Hypercube methods allows probability distributions to be
arithmetically treated to obtain the probability distributions of minimal cut sets and the
probability distributions of event sequences. The PCSA used Monte Carlo simulation with
10,000 trials and a standard seed so the results could be reproduced. The number of trials for
final results was arrived at by increasing the number of trials until the median, mean, and 95th
percentile were stable within the standard Monte Carlo error.

The adequacy of categorization of an event sequence is further investigated if its expected
number of occurrences m over the preclosure period is close to a category threshold.

If m is greater than 0.2, but less than 1, the event sequence, which a priori is Category 2, is
reevaluated differently to determine if it should be recategorized as Category 1. Similarly, if m is
greater than 2 x 10”, but less than 10™, the event sequence, which a priori is Beyond Category 2,
is reevaluated to determine if it should be recategorized as Category 2.
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The reevaluation begins with calculating an alternative value of m, designated by m,, based on an
adjusted probability distribution for the number of occurrences of the event sequence under
consideration. The possible distributions that are acceptable for such a purpose would essentially
have the same central tendency, embodied in the median (i.e., the 50th percentile), but relatively
more disparate tails, which are more sensitive to the shape of the individual distributions of the
basic events that participate in the event sequence. Accordingly, the adjusted distribution is
selected as a lognormal that has the same median A as that predicted by the Monte Carlo
sampling. Also, to provide for a reasonable variability in the distribution, an error factor £F = 10
is used, which means that the 5th and 95th percentiles of the distribution are respectively lesser
or greater than the median by a factor of 10.

If the calculated value of m, is less than 1, the alternative distribution confirms that the event
sequence category is the same as that predicted by the original determination, i.e., Category 2.
Similarly, if the calculated value of m, is less than 107 the alternative distribution confirms that
the event sequence category is the same as that predicted by the original determination, i.e.,
Beyond Category 2.

In contrast, if the calculated value of m, is greater than 1, the alternative distribution indicates
that the event sequence is Category 1, instead of Category 2 found in the original determination.
In such a case, the conflicting indications are resolved by conservatively assigning the event
sequence to Category 1.

Similarly, if the calculated value of m, is greater than 10'4, the alternative distribution indicates
that the event sequence is Category 2, instead of Beyond Category 2 found in the original
determination. In such a case, the conflicting indications are resolved by conservatively
assigning the event sequence to Category 2.

The calculations carried out to quantify an event sequence are performed using the full precision
of the individual probability estimates that are used in the event sequence. However, the
categorization of the event sequence is based upon an expected number of occurrences over the
preclosure period given with one significant digit.

4.3.7 Identification of ITS SSCs, Development of Nuclear Safety Design Bases, and
Development of Procedural Safety Controls

4.3.7.1 Identification of ITS SSCs

ITS SSCs are subject to nuclear safety design bases that are established to ensure that safety
functions and reliability factors applied in the event sequence analyses are explicitly defined in a
manner that assures proper categorization of event sequences.
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ITS is defined in 10 CFR 63.2 (Ref. 2.3.2) as:

Important to safety, with reference to structures, systems, and components, means
those engineered features of the geologic repository operations area whose
function is:

(1) To provide reasonable assurance that high-level radioactive waste can be
received, handled, packaged, stored, emplaced, and retrieved without exceeding
the requirements of § 63.111(b)(1) for Category 1 event sequences; or

(2) To prevent or mitigate Category 2 event sequences that could result in
radiological exposures exceeding the values specified at § 63.111(b)(2) to any
individual located on or beyond any point on the boundary of the site.

Structures are defined as elements that provide support or enclosure such as buildings, free
standing tanks, basins, dikes, and stacks. Systems are collections of components assembled to
perform a function, such as HVAC, cranes, trolleys, and transporters. Components are items of
equipment that taken in groups become systems such as pumps, valves, relays, piping, or
elements of a larger array, such as digital controllers.

Implementation of the regulatory definition of ITS has produced the following specific criteria in
the PCSA to classify SSCs: A SSC is classified as ITS if it appears in an event sequence and at
least one of the following criteria apply:

e The SSC is relied upon to reduce the frequency of an event sequence from Category 1 to
Category 2.

e The SSC is relied upon to reduce the frequency of an event sequence from Category 2 to
Beyond Category 2.

e The SSC is relied upon to reduce the aggregated dose of Category 1 event sequences by
reducing the event sequence mean frequency.

e The SSC is relied upon to perform a dose mitigation or criticality control function.

A SSC is classified as ITS in order to assure safety function availability over the operating
lifetime of the repository. The classification process involves the selection of the SSCs in the
identified event sequences (including event sequences that involve nuclear criticality) that are
relied upon to perform the identified safety functions such that the preclosure performance
objectives of 10 CFR Part 63 (Ref. 2.3.2) are not exceeded. The ITS classification extends only
to the attributes of the SSCs involved in providing the ITS function. If one or more components
of a system are determined to be ITS, the system is identified as ITS, even though only a portion
of the system may actually be relied upon to perform a nuclear safety function. However, the
specific safety functions that cause the ITS classification are delineated.

81 March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Perturbations from normal operations, human errors in operations, human errors during
maintenance (preventive or corrective), and equipment malfunctions may initiate Category 1 or
Category 2 event sequences. The SSCs supporting normal operations (and not relied upon as
described previously for event sequences) are identified as non-ITS. In addition, if an SSC (such
as permanent shielding) is used solely to reduce normal operating radiation exposure, it is
classified as non-ITS.

4.3.7.2 Development of Nuclear Safety Design Bases
Design bases are established for the ITS SSCs as described in 10 CFR 63.2 (Ref. 2.3.2):

Design bases means that information that identifies the specific functions to be
performed by a structure, system, or component of a facility and the specific
values or ranges of values chosen for controlling parameters as reference bounds
for design. These values may be constraints derived from generally accepted
“state-of-the-art” practices for achieving functional goals or requirements derived
from analysis (based on calculation or experiments) of the effects of a postulated
event under which a structure, system, or component must meet its functional
goals...

The safety functions for this analysis were developed from the applicable Category 1 and
Category 2 event sequences for the SSCs that were classified as ITS. In general, the controlling
parameters and values were grouped in, but were not limited to, the following five categories:

1. Mean frequency of SSC failure. It shall be demonstrated by analysis that the ITS SSC
will have a mean frequency of failure (e.g., failure to operate, failure to breach), with
consideration of uncertainties, less than or equal to the stated criterion value.

2. Mean frequency of seismic event-induced failure. It shall be demonstrated by analysis
that the ITS SSC will have a mean frequency of a seismic event-induced failure (e.g.,
tipover, breach) of less than 1E-04 over the preclosure period, considering the full
spectrum of seismic events less severe than that associated with a frequency of
1E-07/yr.

3. High confidence of low mean frequency of failure. It shall be demonstrated by
analysis that the ITS SSC will have a high confidence of low mean frequency of
failure associated with seismic events of less than or equal to the criterion value. The
high confidence of low mean frequency of failure value is a function of uncertainty,
expressed as [., which is the lognormal standard deviation of the SSC seismic
fragility.

4. Preventive maintenance and/or inspection interval. The ITS SSCs shall be maintained
or inspected to assure availability, at intervals not to exceed the criterion value.

5. Mean unavailability over time period. It shall be demonstrated by analysis that the
ITS SSCs (e.g, HVAC and emergency electrical power) will have a mean
unavailability over a period of a specified number of days, with consideration of
uncertainties, of less than the criterion value.
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These controlling parameters and values ensure that the ITS SSCs perform their identified safety
functions such that 10 CFR Part 63 (Ref. 2.3.2) performance objectives are met. The controlling
parameters and values include frequencies or probabilities in order to provide a direct link from
the design requirements for categorization of event sequences. The PCSA will demonstrate that
these controlling parameters and values are met by design of the respective ITS SSCs.

Table 6.9-1 in Section 6.9 presents a list of ITS SSCs, the nuclear safety design bases of the ITS
SSCs, the actual value of the controlling parameter developed in this analysis, and a reference to
that portion of the analysis (e.g., fault tree analysis), which demonstrates that the criterion is met.

4.3.7.3 Identification of Procedural Safety Controls

10 CFR 63.112(e) (Ref. 2.3.2) requires that the PCSA include an analysis that “identifies and
describes the controls that are relied upon to limit or prevent potential event sequences or
mitigate their consequences” and “identifies measures taken to ensure the availability of safety
systems.” This section describes the approach for specifying and analyzing the subset of
procedural safety controls (PSCs) that are required to support the event sequence analysis and
categorization.

The occurrence of an initiating or pivotal event is usually a combination of human errors and
equipment malfunctions. A human reliability analysis is performed for the human errors. Those
human actions that are relied upon to reduce the frequency of or mitigate the consequence of an
event sequence are subject to PSCs.

The approach for deriving PSCs from the event sequence analysis is outlined in the following:

1. Use event tree and supporting fault tree models for initiating events and pivotal events
to identify HFEs.

2. Identify the types of PSCs necessary to support the HRA analysis for each of the
HFEs. For example, provide clarifications about what is to be accomplished, time
constraints, use of instrumentation, interlock and permissives that may back-up the
human action.

3. Perform an event sequence analysis using screening HRA values. Identify the PSCs
that appear to be needed to reduce the probability of or mitigate the severity of event
sequences. The same criteria are used to identify ITS SSCs.

4. Work with the design and engineering organizations to add equipment features that
will either eliminate the HFE or support crew and operators in the performance of the
action. In effect, this entails development of design features that appear instead of a
human action or under an AND gate with a human action.

5. Quantify event sequences again, identifying HFEs for which detailed HRA must be
performed. The detailed HRA would lead to specific PSCs that are needed to reduce
the frequency of event sequences or mitigate their consequences.
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4.3.8

Event Sequence to Dose Relationship

Outputs of the event sequence analysis and categorization process include tabulations of event
sequences by expected number of occurrences, end state, and waste form. The event sequences
are sorted by Category 1, Category 2 and Beyond Category 2. Summaries of the results are
tabulated in Section 6.8 and Attachment G with the following information:

1.

Event sequence group identifier. A unique designator is provided for each event
sequence to permit cross-references between event sequence categorization and
consequence and criticality analysis.

End state. One of the following is provided for each event sequence:

A.

DE-SHIELD-DEGRADE or DE-SHIELD-LOSS (Direct Exposure). Condition
leading to potential exposure due to degradation of shielding provided by the cask
or the aging overpack.

RR-FILTERED (Radionuclide Release, Filtered). Condition leading to a
potential release of radionuclide due to loss of waste form primary containment
(e.g., cask with uncanistered commercial SNF or canister) However, the
availability of the secondary confinement (structural and HVAC with HEPA
filtration) provides mitigation of the consequences. This end state is not used for
the THF because the IHF HVAC system was not relied upon to prevent or mitigate
an event sequence frequency or consequences.

RR-UNFILTERED (Radionuclide Release, Unfiltered). Condition leading to a
potential release of radionuclide due to loss of waste form primary containment
(e.g., cask with uncanistered commercial SNF or canister), and a breach in the
secondary confinement boundary (e.g., no HEPA filtration to provide mitigation
of the consequences or breach of the structural confinement).

RR-FILTERED-ITC and RR-UNFILTERED-ITC (Radionuclide Release,
Important to Criticality, Filtered or Unfiltered). Condition leading to a potential
release of radionuclide due to loss of waste form primary containment (e.g., cask
with uncanistered commercial SNF or canister) with or without HEPA filtration.
In addition, the potential of exposing the unconfined waste form to moderator
could result in conditions important to criticality. This characteristic of the end
state is used by both the dose consequence analysts and the criticality analysts.
The RR-FILTERED-ITC end state is not used for the IHF because the IHF
HVAC system was not relied upon to prevent or mitigate an event sequence
frequency or consequences.

ITC (Important to Criticality). This end state is not used for the IHF because all
potential criticality initiators are associated with a radiological release (i.e., end
state RR-UNFILTERED-ITC) and will be shown to be beyond Category 2 for the
IHF.
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3.  General description of the event sequence. This is a high level description that will be
explained by the other conditions described above. For example, “Filtered
radionuclide release resulting from a drop from a crane that causes a breach of both
sealed transportation cask and sealed TAD canister.”

4. Material-at-risk. Identify and define the number of each waste form that contributes to
the radioactivity or criticality hazard of the end state (e.g., number of TAD canisters,
DPCs, uncanistered commercial SNF assemblies, etc., involved in the event sequence).

5.  Expected number of occurrences. Provide the expected mean number of occurrences
of the designated event sequences over the preclosure period and associated median
and standard deviation.

6. The event sequence categorization. Provide the categorization of the designated event
sequence and the basis for the categorization.

7. The bounding consequences. Provide the bounding consequence analysis cross-
reference, as applicable, for each Category 1 or 2 event sequence to the bounding
event number from the preclosure consequence analysis.

10 CFR 63.111 (Ref. 2.3.2) requires that the doses associated with Category 1 and Category 2
event sequences meet specific performance objectives. There are no performance objectives for
Beyond Category 2 event sequences. Dose consequences associated with each Category 1 and
Category 2 event sequence are evaluated in preclosure consequence analyses, by comparison, to
pre-analyzed release conditions (or dose categories) that are intended to characterize or bound
the actual event sequences (Ref. 2.2.31). As such, the results of the event sequence analysis and
categorization serve as inputs to the consequence analysis for assignment to dose categories.

4.3.9 Event Sequence to Criticality Relationship

The requirements for compliance with preclosure safety regulations are defined in 10 CFR
63.112 (Ref. 2.3.2). Particularly germane to criticality considerations, is the requirement in
10 CFR 63.112, Paragraph (e) and Subparagraph (e)(6). Paragraph (e) requires an analysis to
identify the controls that are relied upon to limit or prevent potential event sequences or mitigate
their consequences. This is a general requirement imposed on all event sequence analyses.
Subparagraph (e)(6) specifically notes that the analyses should include consideration of “means
to prevent and control criticality.” The PCSA criticality analyses (Ref. 2.2.32) employ
specialized methods that are beyond the scope of the present calculation. However, the event
sequence development analyses inform the PCSA criticality analyses by identifying the event
sequences and end states that may have a potential for criticality. As noted in Section 4.3, some
event sequence end states include the phrase “important to criticality.” This indicates that the
end state implies the potential for criticality and that a criticality investigation is indicated.

The NNPP performs a criticality evaluation of a series of IHF conditions that are capable of
increasing the criticality potential of naval SNF. The evaluation is based on modeling
rearrangement of naval SNF due to mechanical damage, neutron reflection from materials
outside the naval SFC, and neutronic coupling with other fissile material in proximity to the
naval SFC. Based on the event sequences in this document and established facility limits, NNPP
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deterministically demonstrates that the end state configurations are subcritical. To determine the
criticality potential for other waste forms and associated facility and handling operations,
criticality sensitivity calculations are performed. These calculations evaluate the impact on
system reactivity of variations in each of the parameters important to criticality during the
preclosure period, that is, waste form characteristics, reflection, interaction, neutron absorbers
(fixed and soluble), geometry, and moderation. The criticality sensitivity calculations determine
the sensitivity of the effective neutron multiplication factor (k) to variations in any of these
parameters as a function of the other parameters. The criticality calculations demonstrate that
one of the following is true for each parameter:

e It is bounding (i.e., its analyzed value is greater than or equal to the design limit) or its
effect on k. 1s bounded and does not need to be controlled. This is designated as a no in
Table 4.3-1.

e It needs to be controlled if another parameter is not controlled (conditional control).
This is designated as a Conditional in Table 4.3-1.

¢ It needs to be controlled because it is the primary criticality control parameter. This is
designated as a yes in Table 4.3-1.

The criticality control parameters analysis, which comprises the background calculations that led
to Table 4.3-1, is presented in detail in the Preclosure Criticality Safety Analysis (Ref. 2.2.32).
Event sequences that impact the criticality control parameters that have been established as
needing to be controlled are identified, developed, quantified, and categorized. These event
sequences are referred to as event sequences ITC. The following matrix elements, indicating the
need for control, are treated in the current event sequence analysis:

Conditional: needs to be controlled if moderator is present

Conditional: needs to be controlled during a boron dilution accident

Yes: moderation is the primary criticality control

Yes: interaction for DOE standardized SNF canisters needs to be controlled.
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Table 4.3-1. Criticality Control Parameter Summary
Operation Commercial SNF

Parameter Commercial SNF (WHF Pool and

(Dry Operations) Fill Operations) DOE SNF HLW
Waste Form a a b c
Characteristics No No No No
Moderation Yes® N/A Yes® No
Interaction No Conditional® Yes® No
Geometry Conditional’ Conditional® Conditional’ No
Fixed Neutron Conditional Conditional® Conditional No
Absorbers
Soluble Neutron N/A Yes" N/A N/A
Absorber
Reflection No No No No
NOTES: ® The Preclosure Criticality Safety Analysis (Ref. 2.2.32) considers bounding waste form

characteristics. Therefore, there is no potential for a waste form misload.

® The Preclosure Criticality Safety Analysis (Ref. 2.2.32) considers nine representative DOE SNF
types. Because the analysis is for representative types and loading procedures for DOE
standardized SNF canisters have not been established yet, consideration of waste form misloads
is not appropriate.

¢ Criticality safety design control features are not necessary for HLW canisters because the
concentratlon of fissile isotopes in an HLW canister is too low to have criticality potential.
4 Moderation is the primary criticality control parameter

€ Placing more than four DOE standardized SNF canisters outside the staging racks or a codisposal
Waste package needs to be controlled.
" Needs to be controlled only if moderator is present.

9 Needs to be controlled only if the soluble boron concentration in the pool and transportation
cask/dual purpose canister fill water is less than the minimum required concentration.
" Minimum re%ulred soluble boron concentration in the pool is 2500 mg/L boron enriched to
90 atom %

DOE = U.S. Department of Energy; HLW = high-level radioactive waste; SNF = spent nuclear fuel;
WHF = Wet Handling Facility;

Source: Preclosure Criticality Safety Analysis (Ref. 2.2.32, Table 6)

4.3.10 Boundary Conditions and Use of Engineering Judgment Within a Risk Informed
Framework

4.3.10.1 Boundary Conditions

The initiating events considered in the PCSA define what could occur within the site GROA and
are limited to those events that constitute a hazard to a waste form while it is present in the
GROA. Initiating events include internal events occurring during waste handling operations
conducted within the GROA and external events (e.g., seismic, wind energy, or flood water
events) that impose a potential hazard to a waste form, waste handling systems, or personnel
within the GROA. Such initiating events are included when developing event sequences for the
PCSA. However, initiating events that are associated with conditions introduced in SSCs before
they reach the site are not within the scope of the PCSA. The excluded from consideration
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offsite conditions include drops of casks, canisters, or fuel assemblies during loading at a reactor
site; improper drying, closing, or inerting at the reactor site; rail or road accidents during
transport; tornado or missile strikes on a transportation cask; or nonconformances introduced
during cask or canister manufacture that result in a reduction of containment strength. Such
potential precursors are subject to deterministic regulations such as 10 CFR Part 50 (Ref. 2.3.1),
10 CFR Part 71 (Ref. 2.3.3), and 10 CFR Part 72 (Ref. 2.3.4)) and associated quality assurance
programs. As a result of compliance to such regulations, the SSCs are deemed to pose no undue
risk to health and safety. Although the analyses do not address quantitative probabilities to the
aforementioned excluded precursors, it is clear that conservative design criteria and QA controls
result in unlikely exposures to radiation.

Other boundary conditions used in the PCSA include:

e Plant operational state. Initial state of the facility is normal with each system operating
within its vendor prescribed operating conditions.

e No other simultaneous initiating events. It is standard practice to not consider the
occurrence of other initiating events (human-induced and naturally occurring) during the
time span of an event sequence because, a) the probability of two simultaneous initiating
events within the time window is small and, b) each initiating event will cause
operations in the waste handling facility to be terminated which further reduces the
conditional probability of the occurrence of a second initiating event, given the first has
occurred.

e Component failure modes. The failure mode of a SSC corresponds to that required to
make the initiating or pivotal event occur.

e Fundamental to the basis for the use of industry-wide reliability parameters within the
PCSA, such as failure rates, is the use of SSCs within the GROA that conform to NRC
accepted consensus codes and standards, and other regulatory guidance.

4.3.10.2 Use of Engineering Judgment

10 CFR Part 63 (Ref. 2.3.2) is a risk-informed regulation rather than a risk-based regulation. The
term risk-informed was defined by the NRC to recognize that a risk assessment can not always
be performed using only quantitative modeling. Probabilistic analyses may be supplemented
with expert judgment and opinion, based on engineering knowledge. Such practice is
fundamental to the risk assessment technology used for the PCSA.

10 CFR Part 63 (Ref. 2.3.2) does not specify analytical methods for demonstrating performance,
estimating the reliability of ITS SSCs (whether active or passive), or calculating uncertainty.
Instead, the risk-informed and performance-based preclosure performance objectives in 10 CFR
Part 63 (Ref. 2.3.2) provide the flexibility to develop a design, and demonstrate that it meets
performance objectives for preclosure operations including the use of well established
(discipline-specific) methodologies. As exemplified in the suite of risk-informed regulatory
guides developed for 10 CFR Part 50 (Ref. 2.3.1) facilities (e.g., Regulatory Guide 1.174
(Ref. 2.2.68) and Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
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Power Plants. NUREG-0800 (Ref. 2.2.63, Section 19)), such methodologies use deterministic
and probabilistic inputs and analysis insights. The range of well established techniques in the
area of PRA, which is used in the PCSA, often relies on the use of engineering judgment and
expert opinion (e.g., in development of seismic fragilities, human error probabilities, and the
estimation of uncertainties).

As described in Section 4.3 .3, for example, active SSC reliability parameters will be developed
using a Bayesian approach; and the use of judgment in expressing prior state-of-knowledge is a
well-recognized and accepted practice (Ref. 2.2.51, Ref. 2.2.4, Ref. 2.2.10, and Ref. 2.2.59).

The NRC issued HLWRS-ISG-02 (Ref. 2.2.66) to provide guidance for compliance to 10 CFR
63.111 and 112 (Ref. 2.3.2). This document states that “treatment of uncertainty in reliability
estimates may depend on the risk-significance (or reliance) of a canister system in preventing or
reducing the likelihood of event sequences.” Furthermore, HLWRS-ISG-02 (Ref. 2.2.66)
indicates that reliability estimates for high reliability SSCs may include the use of engineering
judgment supported by sufficient technical basis; and empirical reliability analyses of a SSC
could include values based on industry experience and judgment (Ref. 2.2.66).

In a risk-informed PCSA, therefore, the depth, rigor of quantitative analysis and the use of
judgment depends on the risk-significance of the event sequence. As such, decisions on the level
of effort applied to various parts of the PCSA are made, based on the contribution to the
frequency of end states and the severity of such end states. An exhaustive analysis need not be
performed to make this resource allocation. Accordingly, the PCSA analyst has flexibility in
determining and estimating the reliability required for each SSC, at the system or component
level, and in selecting approaches in estimating the reliability. The quantified reliability
estimates used to reasonably screen out initiating events, support categorization, or screening of
event sequences must be based on defensible and traceable technical analyses. The following
summarizes the approaches where judgment is applied to varying degrees.

All facility safety analyses, whether or not risk-informed, take into account the physical
conditions, dimensions, materials, human-machine interface, or other attributes such as operating
conditions and environments to assess potential failure modes and event sequences. Such factors
guide the assessment of what can happen, the likelihood, and the potential consequences. In
many situations, it could be considered obvious that the probability of a particular exposure
scenario is very small. In many cases, it is impractical or unnecessary to actually quantify the
probability when a non-probabilistic engineering analysis provides sufficient assurance and
insights that permit the event sequence to be either screened out, or demonstrated to be bounded
by another event sequence. Examples of such are provided in Section 6.0.

When Empirical Information is Not Available

There 1s generally no or very little empirical information for the failure of passive SSCs such as
transportation casks and spent fuel storage canisters. Such failures are postulated in predictive
safety and risk analyses and then the SSCs are designed to withstand the postulated drops,
missile impacts, seismic shaking, abnormal temperatures and pressures, etc. While in service,
few if any SSCs have been subjected to abnormal conditions that approach the postulated
abnormal scenarios so there is virtually no historical data to call on.
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Therefore, structural reliability analyses are used in the PCSA to develop analysis-based failure
probabilities for the specific event sequences identified within the GROA. Uncertainties in the
calculated stresses/strains and the capacity of the SSCs to withstand those demands include the
use of judgment, based on standard nuclear industry practices for design, manufacturing, etc.,
under the deterministic NRC regulatory requirements of 10 CFR Part 50 (Ref. 2.3.1), 10 CFR
Part 71 (Ref. 2.33), or 10 CFR Part 72, (Ref. 2.3.4). It is standard practice to use the
information basis associated with the consensus standard and regulatory requirement information
as initial conditions of a risk-informed analysis. This approach is acceptable for the PCSA
subject to the following:

1. The conditions associated with the consensus codes and standards and regulatory
requirements are conservatively applicable to the GROA.

2. Equivalent quality assurance standards are applied at the GROA.

3. Operating processes are no more severe than those licensed under the aforementioned
deterministic regulations.

Use of Empirical Reliability Information

In those cases where applicable, quantitative historical component reliability information is
available, the PCSA followed Section 4.3 including the application of judgment that is associated
with Bayesian analysis. Similarly, as described in Sections 4.3.5, 4.3.6, and 4.3.7, historical data
is applied in human reliability, fire, and flooding analyses with judgment-based adjustments as
appropriate for the IHF and GROA operating conditions.

Use of Qualitative Information When Reliability Information is Not Available

In those cases where historical records of failures to support the PCSA are not available,
qualitative information may be used to assign numerical failure probabilities and uncertainty.
This approach is consistent with the Bayesian framework used in the PCSA, consistent with
HLWRS-1SG-02 (Ref. 2.2.66), and involves the use of judgment in the estimation of reliability or
failure probability values and their associated uncertainties. In these cases, the PCSA analyst
may use judgment to determine probability and reliability values for components.

The following guidelines are used in the PCSA when it is necessary to use judgment to assess the
probability of an event. The analyst will select a median at the point believed to be just as likely
that the “true” value will lie above as below. Then, the highest probability value believed
possible is conservatively assigned as a 95th percentile or error factor (i.e. the ratio of the 95th
percentile to median), rather than a 99th or higher percentile, with a justification for the
assignments. A lognormal distribution is used because it is appropriate for situations in which
the result is a product of multiple uncertain factors or variables. This is consistent with the “A
Central Limit Theorem for Latin Hypercube Sampling” (Ref. 2.2.67). The lower bound, as
represented by the Sth percentile, is checked to ensure that the distribution developed using the
median and 95th percentile does not cause the lower bound to generate values for the variable
that are unrealistic compared to the knowledge held by the analyst.
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In some cases, an upper and lower bound is defensible, but no information about a central
tendency is available. A uniform distribution between the upper and lower bound is used in such
cases.

Another way in which risk-informed judgment is applied to obtain an appropriate level of effort
in the PCSA, involves a comparison of event sequences. For example, engineering judgment
readily indicates that a 23-foot drop of a canister onto an unyielding surface would do more
damage to the confinement boundary, than a collision of a canister with a wall at maximum
crane speed (e.g. 40 feet per minute). A rigorous probabilistic structural analysis of the 23-foot
drop is performed and these results may be conservatively applied to the relatively benign slow
speed collision.
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6. BODY OF ANALYSIS

The Initial Handling Facility Event Sequence Development Analysis, which describes the IHF,
its equipment, and its operations (Ref. 2.2.28, Section 6.1.2; Attachment A; and Attachment B),
should be consulted in conjunction with the present analysis.

6.0 INITIATING EVENT SCREENING

The NRC interim staff guidance for its evaluation of the level of information and reliability
estimation related to the Yucca Mountain repository, Preclosure Safety Analysis — Level of
Information and Reliability Estimation (Ref. 2.2.66, p. 3), states that there are multiple
approaches that could be used to estimate the reliability of SSCs that contribute to initiating
events or event sequence propagation (i.e., pivotal events), including the use of judgment.
10 CFR 63.102(f) (Ref. 2.3.2), provides that initiating events are to be considered for inclusion in
the PCSA for determining event sequences only if they are reasonably based on the
characteristics of the geologic setting and the human environment, and are consistent with the
precedents adopted for nuclear facilities with comparable or higher risks to workers and the
public.

This section provides screening arguments that eliminate extremely unlikely initiating events
from further consideration. Screening of initiating events is a component of a risk-informed
approach that allows attention to be concentrated on important contributors to risk. The
screening process eliminates those potential initiators that are either incapable of initiating an
event sequence having radiological consequences or are too improbable during the preclosure
period to warrant further consideration. The screening arguments are based on either a
qualitative or quantitative analysis documented under separate cover, or through engineering
judgment based on considerations of site and design features documented herein.

Initiating events are screened out and are termed Beyond Category 2 if they satisfy either of the
following criteria:

e The initiating event has less than one chance in 10,000 of occurring during the
preclosure period.

e The initiating event has less than one chance in 10,000 over the preclosure period of
causing physical damage to a waste form that would result in the potential for radiation
exposure or inadvertent criticality.

In some instances, initiating event screening analysis is based on engineering or expert judgment.
Such judgment is based on applications of industry codes and standards, comparison to results of
analyses for other similar event sequences that are included, or plausibility arguments based on
the combinations of conditions that must be present to allow the initiating event to occur and the
event sequence to propagate.
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6.0.1 Boundary Conditions for Consideration of Initiating Events
6.0.1.1 General Statement of Boundary Conditions

Manufacturing, loading, and transportation of casks and canisters are subject to regulations other
than 10 CFR Part 63 (Ref. 2.3.2) (e.g., 10 CFR Part 50 (Ref. 2.3.1), 10 CFR Part 71 (Ref. 2.3.3),
and 10 CFR Part 72 (Ref. 2.3.4)) and associated quality assurance programs. As a result of
compliance with such regulations, the affected SSCs provide reasonable assurance that the health
and safety of the public are protected. However, if a potential precursor condition could result in
an airborne release that could exceed the performance objectives for Category 1 or Category 2
event sequences, or a criticality condition, then a qualitative argument that the boundary
condition is reasonable is provided. A potential initiating event that is outside of the boundary
conditions but has been found to require a qualitative discussion is the failure to properly dry a
SNF canister prior to sealing it and shipping it to the repository.

6.0.1.2 Specific Discussion of Receipt of Properly Dried SNF Canisters

Under the boundary conditions stated for this analysis, canisters shipped to the repository in
transportation casks are received in the intended internally dry conditions. Shipments of SNF
received at the repository, whatever their origin, are required to meet the requirements of 10 CFR
Part 71 (Ref. 2.3.3). NUREG-1617 (Ref. 2.2.61) provides guidance for the NRC safety reviews
of packages used in the transport of spent nuclear fuel under 10 CFR Part 71 (Ref. 2.3.3). The
review guidance, NUREG-1617 (Ref. 2.2.61, Section 7.5.1.2), instructs reviewers that, at a
minimum, the procedures described in the safety analysis report should ensure that:

Methods to drain and dry the cask are described, the effectiveness of the proposed
methods is discussed, and vacuum drying criteria are specified.

NUREG-1567 (Ref. 2.2.82, Section 9.54.1) and NUREG-1536 (Ref 2.2.60, Chapter 8,
Section V), refer to a vacuum drying procedure to ensure casks and canisters are free of water.
The following statement is cited as providing adequate drying (Ref. 2.2.82, Section 9.5.4.1):

The vacuum drying procedure involves a vacuum test to demonstrate that there is
no water in the cask or fuel. A cask that is evacuated to less than 3 torr and, after
sealing, does not have a cask pressure which increases by 1 torr over 30 minutes
is considered to be free of water.
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The procedure described appears to ensure that very little water is left behind. However, the
probability of undetected failure when performing the process is not addressed in the
deterministic regulation 10 CFR Part 71 (Ref. 2.3.3) or in NUREG-1536 (Ref. 2.2.60). Indeed,
there is no after-the-fact water or error detection method in NUREG-1536 or the regulation.
Therefore, some unknown number of canisters may arrive in the GROA with more residual
water than is expected with proper drying. Because the canisters are welded and are not required
to provide for sampling the inside of the canister, nondestructive measurement of the residual
water content would be difficult. The following discussion provides reasonable assurance that
no significant risks are omitted from the analysis due to adoption of the boundary condition that
canisters shipped to the repository in transportation casks are received in the intended internally
dry conditions.

1. Criticality. GROA operating processes are similar to those of nuclear power plant
sites with respect to the use of cranes, and there are no processes or conditions that
would exacerbate adverse effects associated with abnormal amounts of water
retention. Event sequences involving the drop and breach of a naval canister are
Beyond Category 2 as shown in Section 6.8. To receive a license to transport SNF, 10
CFR 71.55 (Ref. 2.3.3) requires the licensee to demonstrate subcriticality given that
“the fissile material is in the most reactive credible configuration consistent with the
damaged condition of the package and the chemical and physical form of the contents”
under the hypothetical accident conditions specified in 10 CFR 71.73 (Ref. 2.3.3).
Drop events, which are unlikely to breach the canister, are also unlikely to impart
sufficient energy to the fuel to reconfigure it so dramatically that criticality would be
possible even if water is present. It is concluded that existing regulations that apply to
the canister and transportation cask for transportation to the repository provide
reasonable assurance that a criticality event sequence that depends on the presence of
residual water inside the canister and reconfiguration of the fuel would not occur under
conditions that could reasonably be achieved during handling at the repository.

2. Hydrogen explosion or deflagration. Radiation from SNF can generate radiolytic
hydrogen and oxygen gas in a SNF canister if water is inadvertently left in the canister
before it is sealed. Given a processing error that leaves enough residual water, the gas
concentrations could conceivably reach levels where a deflagration or explosion event
could occur. However, precautions taken at the generator sites are expected to make
receipt of a canister that was improperly dried unlikely. In addition, an ignition source
would be required for an explosion or deflagration to occur. High electrical
conductivity of the metal canister would dissipate any high voltage electrical discharge
(which is unlikely in any case) and preclude arcing within the canister. Normal
handling operations do not subject the canisters to energetic impacts that could cause
frictional sparking inside the canister. Therefore, an unlikely event during handling,
such as a canister drop would have to occur to ignite the gas. Considering the
combination of unlikely events that must occur, event sequences involving this
combination of failures are screened from further consideration on the judgment that
they contribute insignificantly to the frequency of the grouped event sequences of
which they would be a part.
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3. Overpressurization due to residual water. Given a processing error that leaves an
excessive amount of residual water, the internal pressure due to vaporization of water
could conceivably breach the canister. If sufficient water were to be left in the
canister, overpressurization would occur within hours of the canister being welded
closed. Therefore, overpressurization would occur while the canister is still in the
supplier’s possession and not in the GROA. Ambient environmental conditions in the
GROA are similar to those that would be encountered by the canister while it is on the
supplier’s site and during transportation to the GROA. If there is not enough water to
cause overpressurization before the canister reaches the GROA, then
overpressurization would not occur in the GROA. Therefore, event sequences
associated with this failure mode are considered to be physically unrealizable for
loaded canisters that are received from off-site.

6.0.2 Screening of External Initiating Events
6.0.2.1 Initial Screening of External Initiating Events

The External Events Hazards Screening Analysis (Ref. 2.2.27) identifies potential external
initiating events at the repository for the preclosure period and screens a number of them from
further evaluation based on severity or frequency considerations. The four questions that
constitute the evaluation criteria for external events screening are:

1. Can the external event occur at the repository?

2. Can the external event occur at the repository with a frequency greater than 10~/yr,
that is, have a 1 in 10,000 chance of occurring in the 100-year preclosure period?

3. Can the external event, severe enough to affect the repository and its operation, occur
at the repository with a frequency greater than 10~%yr, that is, have a 1 in 10,000
chance of occurring in the 100 year preclosure period?

4. Can a release that results from the external event severe enough to affect the repository
and its operations occur with a frequency greater than 10™/yr, that is, have a 1 in
10,000 chance of occurring in the 100 year preclosure period?

The screening criteria are applied for each of the external event categories listed in Table 6.0-1.
Each external event category is evaluated separately with a definition and the required conditions
for the external event to be present at the repository. Then the four questions are applied. Those
external event categories that are not screened out are retained for further evaluation as initiating
events in the event sequences for the preclosure safety analysis.

As noted in Table 6.0-1, the potential external initiating event categories that are retained for
further evaluation are seismic activity and loss of power. Seismically induced event sequences
are developed, categorized, and documented in a separate analysis (Ref. 2.4.4). Loss of offsite
power (LOSP) is treated together with internal causes of power loss in Section 6.0.2.2.
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Table 6.0-1. Retention Decisions from External Events Screening Analysis

External Event

Category® Retention Decision. If Not Retained, Basis for Screening.
Seismic activity YES. Retained for further analysis.
Nonseismic NO. Except for one of the subcategories, drift degradation, the external events in this
geologic activity category are not applicable to the site or do not occur at a rate that could affect the

repository during the preclosure period. The chance of drift degradation severe enough to
affect the repository and its operation over the preclosure period is less than 1/10,000.

Volcanic activity NO. The chance of volcanic activity occurring at the repository over the preclosure period is
less than 1/10,000.

High winds / NO. The chance of a high wind or tornado event severe enough to affect the repository and

tornadoes its operation occurring at the repository over the preclosure period is less than 1/10,000.

External floods NO. The chance of a flood event severe enough to affect the repository and its operation
occurring at the repository over the preclosure period is less than 1/10,000.

Lightning NO. The chance of a lightning event severe enough to affect the repository and its
operation occurring at the repository over the preclosure period is less than 1/10,000.

Loss of power YES. Retained for further analysis. See Section 6.0.2.2 for a screening analysis of loss of

event electrical power as an initiating event.

Loss of cooling NO. The primary requirements for cooling water at the Yucca Mountain site during the

capability event preclosure period are makeup water for the WHF pool and cooling of HVAC chilled water.

The chance of a loss of cooling capability occurring at the repository over the preclosure
period is less than 1/10,000.

Aircraft crash NO. The chance of an accidental aircraft crash occurring at the repository over the
preclosure period is less than 1/10,000.

Nearby NO. The chance of an industrial or military facility accident occurring at the repository over
industrial/military the preclosure period is less than 1/10,000.
facility accidents

Onsite hazardous NO. The chance of an accident event sequence initiated by the release of onsite hazardous
materials release materials at the repository over the preclosure period is less than 1/10,000.

External fires NO. The chance of an external fire severe enough to affect the repository and its operation
occurring at the repository over the preclosure period is less than 1/10,000.

Extraterrestrial NO. Extraterrestrial activity is defined as an external event involving objects outside the

activity earth’s atmosphere and enters the earth’s atmosphere, survive the entry through the earth’s

atmosphere and strike the surface of the earth. Extraterrestrial activity includes: meteorites,
asteroids, comets, and satellites. The chance of an occurrence at the repository over the
preclosure period is less than 1/10,000.

NOTE: The source document defines the external event categories. HVAC = heating, ventilation, and air
conditioning; WHF = Wet Handling Facility.

Source: Adapted from External Events Hazards Screening Analysis (Ref. 2.2.27, Sections 6 and 7).
6.0.2.2 Screening of Loss of Electrical Power as an Initiating Event

The IHF does not rely on ITS AC power or ITS HVAC to prevent or mitigate event sequences,
however, the loss of electrical power is considered as an initiating event with respect to
mechanical handling equipment. Loss of electrical power, whether caused by onsite or offsite
failures, is expected to occur during the preclosure period. Conveyances, cranes, and canister
transfer machines (CTMs) that rely on electric power will stop upon loss of power, but are
designed to hold loads indefinitely. A set of redundant emergency diesel generators and the
associated ITS electrical distribution system would start upon loss of offsite power in order to
continue operation of the ITS HVAC confinement system.
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The LOSP is not shown as an initiating event in the event trees because, by itself, it does not
cause mechanical handling equipment to malfunction in a way that causes a drop or other
mechanical impact of a waste container. Therefore, load drop and loss of offsite power may be
treated as independent events. The following calculation demonstrates that a loss of offsite
power and coincident load drop is Beyond Category 2.

The LOSP frequency is estimated at 3.6E-02/yr (Ref. 2.2.38, Table 3-8), with a failure to recover
power within 24 hours of 1.8E-02 (Ref. 2.2.38, Table 4-1). Thus, during 50-year portion of the
preclosure period in which waste handling operations are conducted, the expected number of
LOSP events is:

LOSP# =3.6E-02/yr x50yr
=1.3;

The initiating frequency of a LOSP lasting more than 24 hours would be:

LOSP-IE =3.6E-02/yr x (1.8E-02) x 50 yr
= 3.2E-02 / preclosure period

An independent load drop from a crane following a LOSP would probably be caused by crane
holding and emergency brake failures or random hoist cable breaks (each CTM and crane uses
multiple wire ropes) because no other movement induced failure modes have been identified.
Crane brake failures are more frequent than wire rope breaks, and for this calculation, the brake
failure rates are used to determine a load drop probability. Two failure modes for the brakes
have been modeled: failure of the brake to set and failure of the brakes to hold for an extended
period. As documented in Attachment C, Table C4-1, estimated crane brake failure rates are:

e Holding (pneumatic) brake (BRP-FOD & BRP-FOH): 5.0E-05 per demand (initial
setting of the brake) and 8 4E-06 per hour (holding the load for the duration of the
power loss)

e Emergency brake (BRK-FOD & BRK-FOH): 1.5E-06 per demand (initial setting of the
brake) and 4.4E-06/hr (holding the load for the duration of the power loss).

The four components of LOSP and brake failures are:

1. Both the holding brake and emergency brake fail to set on a LOSP resulting in a load
drop.

2. Holding brake fails to set at LOSP. Emergency brake sets at LOSP but fails to hold
during an extended loss of power (720 hours) resulting in a load drop

3. Emergency brake fails to set at LOSP. Holding brake sets at LOSP but fails to hold
during an extended loss of power (720 hours) resulting in a load drop

4. Both brakes set at LOSP but fail to hold during an extended loss of power (720 hours)
resulting in a load drop.
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The failure components described above are analogous to the failure modes of a two train system
in standby where at least on train must successfully start and run for a specified mission time to
prevent system failure.

The fourth component described above dominates probabilistically and its calculation is
described below. The sum of the other three event sequences are more than two orders of
magnitude lower.

The likelihood of an extended LOSP has been estimated by using the probability of a LOSP
exceeding 24 hours, which is the longest non-recovery period identified in NUREG/CR-6890
(Ref. 2.2.38). The 720 hour period for which a brake holding failure has been modeled should
provide ample time to either recover offsite power or for operators to implement an alternative

means to safely lower any load. Provision for manual lowering of loads is provided in NOG-1
cranes (Ref 2.2.7)).

The probability of the fourth component described above — the combination of LOSP and load
drop (brakes set but fail to hold over a 720-hr mission time) is:

LOSP-IE x Holding brake fails x Emergency brake fails =
= 3.2B-02 x (8.4E-06 x 720) x (4.4E-06 x 720)
=6.1E-07

Thus, the LOSP load drop probability over the preclosure period is estimated to be 6E-07. This
number of occurrences of the compound initiating event is much less than one chance in
10,000 (1E-4) during the preclosure period. Therefore, event sequences with LOSP and a
coincident drop load as the initiating event are Beyond Category 2.

The possibility of inadvertent direct exposure of workers due to a loss of electrical power is
considered next. Canisters are always shielded during facility operations by a transportation
cask, a canister preparation platform, concrete floors and walls, the CTM shield bell and shield
skirt, the WPTT, facility shield doors, and the TEV shield compartment. Loss of electrical
power to any of these simply stops operations while maintaining shielding. For example,
inadvertent shield bell and shield door motion can not occur in the absence of electrical power.
Therefore, direct exposure to workers owing to loss of electrical power is considered to be
Beyond Category 2.

It has been shown that loss of electrical power in conjunction with other failures is screened out
as an initiating event. Nevertheless, this compound failure mode is included in the initiating and
pivotal event fault trees as appropriate. For example, the hoist brake on the CTM requires
electrical power to remain unengaged. A loss of power would cut power to the brake, leading to
its automatic engagement. If the brake fails in conjunction with a loss of power in this scenario,
a drop of the load could occur, initiating an event sequence. This failure scenario is included in
the CTM fault tree. For the overhead cranes, the initiating event frequencies are based on
industry-wide empirical data for cranes. The ITS HVAC system depends on continued electrical
power and it is explicitly modeled in the fault tree for this pivotal event.
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6.0.3 Screening of Internal Initiating Events

All facility safety analyses, whether risk-informed or not, take into account the physical
conditions, dimensions, materials, human-machine interface, and other attributes such as
operating conditions and environments, to assess potential failure modes and event sequences.
Such accounting guides the assessment of what can happen, the likelihood, and the potential
consequences. In many situations, it is obvious that the probability of a particular exposure
scenario is very low. In many cases, it is impractical or unnecessary to actually quantify the
probability when a non-probabilistic engineering analysis provides sufficient assurance and
insights that permit the scenario to be either screened out or demonstrated to be bounded by
another scenario.

Potential initiating events were qualitatively identified in [Initial Handling Facility Event
Sequence Development Analysis (Ref. 2.2.28) for quantitative treatment in the present analysis.
For completeness, some events that were identified in the event sequence development analysis
are extremely unlikely or physically unrealizable and can reasonably be qualitatively screened
from further consideration. A qualitative screening argument for certain internal initiating events
is developed in the present analysis as documented in Table 6.0-2. The first column of
Table 6.0-2 indicates the branch of the initiator event tree (where applicable) that pertains to the
screened initiating event. Each branch of an initiator event tree represents an initiating event or
an initiating event group that includes other similar initiating events and corresponds to a little
bubble on an ESD (Ref 2.2.28; Attachments F and G). Some of the initiating events that are
addressed in Table 6.0-2 were implicitly screened out in the event sequence development
analysis and for that reason there is no applicable event tree. The screening argument for
internal flooding is presented in Section 6.0.4. The screened initiating events are assigned
frequencies of zero in the quantification of the model.

Table 6.0-2. Bases for Screening Internal Initiating Events

Initiator Event Tree
(Branch #)

Initiating Event
Description

Screening Basis

IHF-ESD-01-HLW (#3)
(Figure A5-2)

Rollover of a truck trailer
carrying a transportation
cask in the Cask
Preparation Area

For a truck trailer to roll over, its center of mass has to
move laterally beyond the wheel base of the trailer. This
could occur upon traversing a significantly uneven surface,
running over a very large object, or turning sharply at high
speed. There are no uneven surfaces in the Cask
Preparation Area. It is a flat concrete surface. There are no
objects that could be run over that could significantly shift
the trailer's center of mass. Turning sharply at high speed
is not possible inside the building because the Cask
Preparation Area is too narrow and the truck comes to a
complete stop outside the closed entrance door prior to the
door opening and the truck entering. Therefore, event
sequences associated with this failure mode are considered
to be physically unrealizable.

IHF-ESD-05-HLW (#2)
(Figure A5-10)

IHF-ESD-05-NVL (#2)
(Figure A5-12)

Structural damage to
transportation cask due
to impact from the crane
hook or rigging while
under the cask
preparation platform

In this operation, the lid is unbolted and the lid lift fixture is
attached. The cask is flush or recessed with respect to the
cask preparation platform, and therefore cannot be
impacted. Therefore, event sequences associated with
these initiating events are considered to be physically
unrealizable.
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Table 6.0-2. Bases for Screening Internal Initiating Events (Continued)

Initiator Event Tree
(Branch #)

Initiating Event
Description

Screening Basis

IHF-ESD-07-HLW(#2)
(Figure A5-16)

Drop of a heavy object
onto an HLW canister

The waste package inner lid and the transportation cask lid
are the only pertinent heavy objects (except for another
canister) whose drop onto an HLW canister could
jeopardize the canister's structural integrity. (Drop of one
HLW canister onto another is not screened out .) Divider
plates in the codisposal waste package extend higher than
the canisters inside. Therefore, a dropped waste package
lid would not impact the canisters. Transportation casks
containing HLW canisters are designed such that a lid drop
would not impact the canisters inside. Thus, a drop of a
heavy load does not have an adverse effect on the integrity
of HLW canisters and can be screened from further
consideration.

IHF-ESD-07-HLW(#6)
(Figure A5-16)

IHF-ESD-07-NVL(#6)
(Figure A5-17)

Side impact from a slide
gate

Slide gate impacts during CTM transfer are included in the
CTM fault tree as a cause of canister drop, rather than as
an independent initiating event. In addition, the motors on
the slide gates have insufficient power to significantly
damage a canister.

IHF-ESD-09-HLW(#2)
(Figure A5-21)

IHF-ESD-09-NVL(#2)
(Figure A5-23)

Welding of the waste
package lid causes
canister breach

No plausible scenarios have been identified whereby the
gas tungsten arc welding process could cause burn through
of the waste package and canister (Ref. 2.2.13). Therefore,
event sequences associated with this initiating event are
considered to be physically unrealizable.

IHF-ESD-11-HLW(#2)
(Figure A5-27)

IHF-ESD-11-NVL(#2)
(Figure A5-28)

TEV collision with
stationary waste
package

The TEV is parked in the Waste Package Loadout Room
when the waste package enters via the WPTT, and cannot
collide with the waste package. The WPTT is on rails so its
path is well defined. The TEV is separated from the WPTT
by the docking station. Even a TEV and/or WPTT
derailment cannot cause a collision between the two
vehicles because of the extremely low speed of these
vehicles. Therefore, event sequences associated with this
initiating event are considered to be physically unrealizable.

No applicable event trees

Internal flooding

Internal flooding as an initiating event is screened from
further analysis in Section 6.0.4.

No applicable event trees

Canister dropped into
the Cask Unloading
Room or Waste
Package Positioning
Room with no waste
package present

Dropping a canister through a port without a staged waste
package below would require a series of human failures
and mechanical failures that makes the initiating event
unlikely. The design incorporates an interlock to prevent
the opening of the waste package port slide gate when the
WPTT and waste package shield ring are not present (Ref.
2.2.30). The combination of (a) failure to stage the waste
package, (b) failure of more than one operator to notice that
it is not staged, (c) failure of the hardwired interlock, and (d)
drop of the canister are required for such an initiating event
to occur. Considering the combination of unlikely events
that must occur to cause this initiating event, event
sequences involving this combination of failures are judged
to contribute insignificantly to the frequency of the grouped
event sequences of which they would be a part.
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Table 6.0-2. Bases for Screening Internal Initiating Events (Continued)

Initiator Event Tree
(Branch #)

Initiating Event
Description

Screening Basis

No applicable event trees

Tipover of CTT

The CTT is designed to prevent tipover (Ref. 2.2.22,
Section 3.2). The size, weight, low center of gravity, and
low speed of the CTT ensure that no tipover can occur.
During cask preparation activities, the CTT is set on the
floor inside the cask preparation platform. As such, tipover
is not physically realizable during preparation activities.
During transit, the CTT glides slowly on a cushion of air, an
inch or less above the floor. If air pressure is lost, the CTT,
with its load, settles to the floor. While the CTT is in transit,
or after settling to the floor, any applied force from facility
operations is incapable of tipping over the CTT. Due the
slow travel of the CTT, a loss of air pressure or a collision
with other equipment or a facility structure will not result in
tipover. Therefore, tipover ofthe CTT is considered
physically unrealizable for internal events. CTT tipover,
however, is analyzed in the seismic event sequence and
categorization (Ref. 2.4.4).

No applicable event trees

Conveyance carrying a
waste form collides with
a shield door, causing
the door to dislodge
from its supports and fall
onto the waste form

The shield doors are designed to withstand collision of the
conveyance into the door without dislodging from their
supports such that the stress of all support mechanisms of
the door stay below yield. Therefore, this initiating event is
considered physically unrealizable.

IHF-ESD-08-HLW(#3)
(Figure A5-18)

IHF-ESD-08-NVL(#3)
(Figure A5-20)

IHF-ESD-10-HLW(#3)
(Figure A5-24)

IHF-ESD-10-NVL(#3)
(Figure A5-26)

Tilt-down of WPTT at
uncontrolled speed

The main feature of the WPTT is the shielded enclosure,
which holds the waste package, the waste package pallet,
the waste package transfer carriage, and the waste
package pedestal (Ref. 2.2.23, Section 2.1.1). The
enclosure pivots between vertical and horizontal
orientations to position the waste package for loading and
unloading. There are two sets of redundant tipping motor-
and-gear systems, each of which is designed to withstand
the maximum possible torque without failure. If one motor-
and-gear system were to fail, the shielded enclosure would
still be supported. The center of gravity of the shielded
enclosure is positioned such that the vertical position is the
most stable position (Ref. 2.2.23, Section 3.3.2). Therefore,
even in the unlikely event that both motor-and-gear systems
fail catastrophically, the shielded enclosure would not
undergo tilt-down at uncontrolled speed.
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Table 6.0-2. Bases for Screening Internal Initiating Events (Continued)

Initiator Event Tree
(Branch #)

Initiating Event
Description

Screening Basis

No applicable event trees

Operator drops cask
during cask preparation
activities

The cask preparation crane, rather than the cask handling
crane, is used in the lid-removal operation for the naval
cask. Because the cask is not intentionally lifted in this
step, dropping the cask would require a series of
extraordinary human failures. The HLW-cask lid is not
removed during preparation activities.

For naval casks, a cask drop would require a series of
human failures as follows. During lid removal, the crew
must fail to remove some fraction of the lid bolts, fail to
properly use the check list to verify bolt removal, and use
the wrong crane (the cask preparation crane would be
incapable of liting the cask). The crane operator and at
least two other crewmembers will be standing on the
platform in direct view of the cask during lid removal and
they all would have to fail to notice that the entire cask is
being lifted before the bolts break. Therefore, event
sequences associated with this initiating event are judged
to contribute insignificantly to the frequency of the grouped
event sequences of which they would be a part.

For HLW casks, the lid is not removed from the cask at this
point. Therefore, no configuration that could result in a
crane lifting the cask occurs for such casks. This initiating
event, as it relates to HLW casks, is considered to be
unrealizable.

IHF-ESD-07-HLW(#8)
(Figure A5-16)

IHF-ESD-07-NVL(#8)
(Figure A5-17)

Canister dropped inside
shield bell (with CTM
slide gate closed)

Drops within the shield bell are subsumed within the
initiating event for drops from the operational lift height, and
are not separately addressed. This is conservative
because the drop height within the shield bell is less than
the operational lift height.

No applicable event trees

Explosion of site prime
mover fuel tank

The fuel tank of the site prime mover has safety features
that preclude fuel tank explosion. Therefore, this initiating
event is considered physically unrealizable.

No applicable event trees

Neutronic interaction
involving more than two
naval canisters.

The Preclosure Criticality Safety Analysis, (Ref. 2.2.32,
Section 2.3.2.5) indicates that interaction must be controlled
for highly enriched DOE SNF. Similarly, because NNPP
SNF is highly enriched and is expected to have similar
neutronic characteristics, interaction between naval
canisters also needs to be controlled. Interactions involving
two naval canisters in close proximity are analyzed in the
classified NNPP documents that contain a bounding
criticality calculation for interaction involving naval
canisters. However, interactions involving more than two
canisters have not been evaluated for criticality. The
following screening argument demonstrates that placing
more than two naval canisters in close proximity in the IHF
is not reasonably achievable.

Given the mechanical handling-capabilities of the IHF as
described in /nitial Handling Facility Event Sequence
Development Analysis (Ref. 2.2.28, Section 6.1,
Attachment A, and Attachment B), reasonably achievable
configurations involving two naval casks or canisters can be
imagined. However, in each case, as demonstrated below,
adding a third cask or canister is not achievable.
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Table 6.0-2. Bases for Screening Internal Initiating Events (Continued)

Initiator Event Tree Initiating Event
(Branch #) Description Screening Basis

(1) Normal handling operations for naval casks allow a
single cask to be present in the Cask Preparation Area. A
conceivable human error could result in receipt of a second
naval cask on a railcar while the first cask is still in the CTT
in the Cask Preparation Area. Once this has been done,
operators could conceivably be unaware that a cask is
already present in the CTT and attempt to use the cask
handling crane to load the second cask into the CTT. The
error would become inescapably obvious when operators
attempt to load the second cask into the CTT, which is
already occupied by the first cask. At this point, two casks
may be side by side in close proximity. The design of the
facility does not admit the possibility of bringing in a third
cask because the crane is already occupied with the
second cask.

(2) Two naval canisters may conceivably be brought end to
end as follows. Suppose that a canister has been loaded
into the CTM. Given a series of human errors, it is
conceivable that the presence of the canister in the CTM
could be forgotten. Then, another naval cask could be
brought in, loaded into the CTT, and then transferred into
the Cask Unloading Room underneath the first canister in
the CTM. At this point, the slide gates could be opened and
the canister in the CTM could be brought into end-to-end
contact with the canister in the cask. The facility is not
capable of bringing a third canister into close proximity
because the CTT is already occupied.

(3) A similar end-to-end configuration could conceivably be
achieved after a canister has been loaded into the waste
package in the Waste Package Loading Room. In this
case, the presence of the canister in the waste package
has been forgotten and a second canister is erroneously
loaded into the CTM. Operators attempt to load the second
canister into the waste package, which already contains a
canister. The facility is not capable of bringing a third
canister into close proximity because the CTM and WPTT
are already occupied with canisters.
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Table 6.0-2. Bases for Screening Internal Initiating Events (Continued)

Initiator Event Tree Initiating Event
(Branch #) Description Screening Basis

(4) An end-to-end configuration involving loaded, sealed
waste packages is also conceivable. In this case, the
operators have placed a waste package into the TEV and
forgotten that it is there. Another waste package is brought
into the Waste Package Loadout Room on the WPTT. The
TEV doors are opened and the WPTT transfer carriage
carries the second waste package end to end with the first.
The facility is not capable of bringing a third waste package
into close proximity because the WPTT and TEV are
already occupied with waste packages.

NOTE: Initiator event trees are provided in Attachment A in the figures cited. The branch numbers are shown in
each figure under the column labeled “#”. CTM = canister transfer machine; CTT = cask transfer trolley;
DPC = dual-purpose canister; HLW = high-level radioactive waste; TEV = transport and emplacement
vehicle; WP = waste package; WPTT = waste package transfer trolley.

Source: Original

6.0.4 Screening of Internal Flooding as an Initiating Event

By the definition of an event sequence, a flood inside a facility would be an initiating event if it
led to a sequence of events that would either breach waste containers, causing a release, or
caused elevated radiological exposure without a release (i.e., direct exposure of personnel).
Internal floods, whether caused by random failure or earthquakes, emerge from two sources.
The first is inadvertent actuation of the fire-suppression system. The second is failure of water-
carrying pipes or valves associated with chilled water, hot water, potable water, or other water
systems. Drains, channels and curbs are situated to remove water from these sources. However,
the following discussion does not rely on these.

Transportation casks, canisters, and waste packages are not physically susceptible to breach
associated with water in the short-term. With extremely long exposure to water, corrosion may
be a factor but intervention to drain water from the buildings would prevent such exposure.
Short-term breaches do not occur owing to exposure to water. Canisters are surrounded by
transportation casks, and waste packages. Transportation casks are elevated as all times at least
five feet above the floor by railcar, truck, or canister transfer trolley. Waste packages are
similarly elevated on the waste package transfer trolley. Inside the TEV, the waste package is
elevated approximately 1 foot above the floor. A lifted canister or/and cask is higher than these
minimum elevations. Therefore, water from fire suppression and other water systems is unlikely
to attain a depth that would contact transportation casks, waste packages, or canisters. Of greater
significance, however, is that the fuel is contained in canisters within an overpack nearly all the
time and these containers do not fail from short-term exposure to flood water. In this context,
short-term is a time period that is at least 30 days but less than the length of time in which
significant corrosion may occur.
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Water impingement on electrical equipment (e.g., motor control centers, motors, and switchgear
cabinets) would ordinarily trigger circuit protection features that would open the circuit and
cause a loss of electrical power (which is covered in Section 6.0.2.2). If a short circuit occurred
as a result of water impingement, normal circuit protection features or overheating of the wires
would subsequently open the affected circuit. In an extreme situation, an electrical fire might be
started. Fires from all causes are covered in Section 6.5.

Now consider the possibility of inadvertent direct exposure of workers due to internal flooding.
Direct exposure to workers during a flood would occur if shielding were disabled as a result of
the flooding. Canisters are always shielded during facility operations by transportation casks,
cask preparation platforms, concrete floors and walls, the CTM shield bell or shield skirt, the
WPTT, canister transfer trolley, shield doors, or the shield compartment of the TEV. Loss of
electrical power to any of these simply stops operation, if any, without affecting the shielding.
Flooding might also cause hot shorts in control boxes. However, hardwired interlocks between
the CTM slide gate, shield bell skirt, and shield doors prevents such inadvertent motion.
Therefore, internal flooding cannot initiate an event sequence that causes increased levels of
radiological exposure to workers.

Moderator intrusion into canisters resulting from event sequences that might breach a waste
container is treated quantitatively as described in the pivotal event descriptions of Section 6.2.

6.1 EVENT TREES

The event trees that are quantified in this analysis were developed from ESDs in the Initial
Handling Facility Event Sequence Development Analysis (Ref. 2.2.28, Attachments F and G).
This section describes the use of SAPHIRE (Section 4.2) to model event sequences. The event
trees are discussed and presented in Attachment A.

6.1.1 Event Tree Analysis Methods
6.1.1.1 Linked Event Trees and Fault Trees

As described in Section 4, the PCSA uses linked event trees with linked fault trees to calculate
the frequency of occurrence of event sequences. The SAPHIRE computer program (Section 4.2)
is used for this purpose. The event tree quantification is supported by fault tree analysis (FTA)
(Section 6.2 and Attachment B), HRA (Section 6.4 and Attachment E), and PEFA (Section 6.3
and Attachment D). The YMP preclosure handling is performed using four kinds of buildings as
summarized below:

1. The Receipt Facility (RF) accepts DPC and TAD canisters and places them into aging
overpacks, either destined for the aging pads or the CRCF.

2. The CRCF accepts all waste containers except those supplied by the NNPP for
placement in waste packages destined for emplacement in the repository emplacement
drifts.
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3. The Wet Handling Facility (WHF) accepts DPCs and transportation casks containing
uncanistered commercial SNF, transfers the SNF to TAD canisters which are destined
for the CRCF or the aging pads.

4. The Initial Handling Facility (IHF) accepts SNF canisters from the Naval Nuclear
Propulsion Program (NNPP) and some canisters containing high-level radioactive
waste for placement in waste packages destined for emplacement in the repository
emplacement drifts.

Preclosure waste handling as modeled in the PCSA also includes TEV and Subsurface
Operations. The TEV accepts waste packages from the IHF and CRCF and, by means of rail,
transports them and deposits them into designated locations in the emplacement drifts. All other
extra-building transportation, low-level waste handling, and balance of plant is called Intra-Site
Operations.

Event sequences are developed for each of the four building types, TEV and Subsurface
Operations, and Intra-Site Operations. Because each type of waste container in the IHF has
different characteristics that manifest during event sequences, separate event sequences are
developed for each type of waste container. As described in the Initial Handling Facility Event
Sequence Development Analysis (Ref. 2.2.28), event sequences are also developed separately for
each major group of waste handling processes by location within the building. Therefore, event
sequences also distinguish among the various steps in waste handling.

As described in Section 4.3, event sequences result in one of the following mutually exclusive
end states:

1. OK
2. Direct Exposure, Degraded Shielding
3. Direct Exposure, Loss of Shielding

4. Radionuclide Release, Filtered (HVAC is represented in the event sequences despite
the fact that it is not relied upon for the IHF for prevention or mitigation of event
sequences. )

5. Radionuclide Release, Unfiltered (HVAC system is not operating)
6. Radionuclide Release, Filtered, Also Important to Criticality

7. Radionuclide Release, Unfiltered, Also Important to Criticality

8. Important to Criticality (not applicable to the IHF)

Radionuclide release describes a condition where radioactive material has been released from the
container creating a potential inhalation or ingestion hazard, accompanied by the potential for
immersion in a radioactive plume and direct exposure.
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The SAPHIRE computer program has advanced features that permit the analyst to control the
inputs and conditions for quantifying linked event trees and fault trees. One feature is the use of
“basic rules” by which the analyst tells the program how and when to link certain variations of
fault trees and basic event data that describe a given initiating and pivotal event. This allows
path-dependent development of sequence-minimal cut sets and probabilities.

The primary inputs to the program are the following:
e Event tree logic models
o Fault tree logic models for initiating and pivotal events

e Initiating event frequencies derived from waste-form throughputs and numbers of
opportunities for initiating an event sequence

e Basic event data that provides failure rates for active and passive equipment and for
HFEs. (The basic event data also includes a probability distribution of uncertainty
associated with each basic event. The event tree and fault tree logic models are linked to
the basic event library.)

Each basic event is characterized by a probability distribution. The SAPHIRE Monte Carlo
sampling method is employed to propagate the uncertainties to obtain event sequence mean
values and parameters of the underlying probability distribution such as variance. As described
in Section 4.3.6, categorization is done on aggregated event sequences whose resultant
probability distributions are also obtained by Monte Carlo simulation. SAPHIRE accounts for
the correlation between analogous basic events sharing the same reliability information, which
ensures the spread of the probability distribution of the event sequences in which these basic
events intervene is not underestimated.

6.1.1.2 Initiator, System-Response, and Self-Contained Event Trees

Event sequences are described and graphically depicted using one or two event trees depending
on whether the ESD considered has one or more initiating events:

1. Self-contained event trees. Self-contained event trees are used when only one
initiating event appears in the corresponding ESD (Ref. 2.2.28, Attachment F). An
example is IHF-ESD-06-NVL, which is shown in Figure A5-17 in Attachment A. The
feed on the left side of the event tree is an event that represents the frequency of
challenge to the successful operation of the process step represented in the event tree.
In the example, the frequency of the challenge is equal to the number of transportation
casks containing naval canisters that are handled over the preclosure period. The
initiating event is presented next, followed by the pivotal events. By convention, the
description of each branching event is stated as a success. The branching under each
event heading represents success by an upward branch and failure by a downward
branch. If a given pivotal event cannot occur in a given sequence due to a prior
pivotal event or is irrelevant to the sequence, it does not appear in the event sequence
as illustrated in the corresponding ESD and no branching occurs in the event tree.
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Each pathway through a self-contained event tree terminates in an end state. End
states that are labeled “OK” mean that the sequence of events does not result in one of
the specifically identified undesired outcomes. “OK” often means that normal
operation can continue. The undesired end states represent a release of airborne
radioactivity, a direct exposure to radiation, or a potential criticality condition.

2. Separate initiator and system-response event trees. Separate event trees for
initiating events and the system response are used when more than one initiating event
appears in the corresponding ESD (Ref. 2.2.28, Attachment F). The initiator event
tree decomposes a group of initiating events into the specific failure events that
comprise the group. For example, an initiator event tree, [HF-ESD-01-HLW, is shown
in Figure AS5-2 in Attachment A, and the corresponding system response event tree,
IHF-RESP-TC1, is shown in Figure A5-3. The feed to the left side of the initiator
event tree is an event that represents the frequency of challenge to the successful
operation of the process step represented in the event tree. In the example, the
frequency of challenge is equal to the number of transportation casks containing HLW
canisters that are received during the preclosure period. Initiator event trees do not
end at end states but transfer to a system response event tree. System response event
trees contain only pivotal events. The user specifies the models to be used for the
initiating events associated with each initiator event tree and the pivotal events
associated with the corresponding system response event tree by writing “basic rules,”
which are attached to the initiator event tree in SAPHIRE. In accordance with the
user-specified basic rules, the SAPHIRE program links a specific fault tree model or
basic event to a given initiating event or pivotal event. Because the conditional
probability of each pivotal event may be specific to the initiating event for each event
sequence, the same system response event tree is quantified by SAPHIRE as many
times as there are initiating events in the initiator event tree.

6.1.1.3 Summary of the Major Pivotal Events

A self-contained event tree or a system response event tree may include pivotal events
concerning the success or failure of the waste package, transportation cask, canister, shielding
properties, HEPA filtration availability, and moderator intrusion susceptibility. The pivotal
events are summarized in Attachment A, Section A3.

Each of the specific failure events included in a self-contained or system-response event tree may
be linked to a basic event or to the top event of a fault tree. Two kinds of fault trees are
developed and represented in Attachment B. The first type represents equipment fault trees
including HFEs that contribute directly to the specific pivotal or initiating event. The second
type links initiating and pivotal events to these equipment fault trees (via transfer gates) and
miscellaneous events. This second type is called a linking or connector fault tree. The
equipment fault tree models are, in turn, linked to basic event reliability information separately
entered into SAPHIRE. Some of the pivotal events do not have associated fault trees because
they are linked directly to basic events in the reliability database entered into SAPHIRE.
Section 6.2 provides more information about the reliability information developed for this
analysis.
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6.1.2 Waste Form Throughputs

Each initiator event tree and self-contained event tree begins with the container throughputs, that
is, the numbers of waste form units (such as casks, canisters, or waste packages) to be handled
over the life of the IHF. The throughputs are identified in Table 6.1-1 and are drawn into the
descriptions of specific event trees as needed. With the number of waste form units as a
multiplier in the event tree and the initiating events specified as a probability per waste form
unit, the value passed to the system response is the number of occurrences of the initiating event
expected over the life of the facility.

Table 6.1-1. Waste Form Throughputs for the IHF Over the Preclosure Period
IHF
Waste Form Unit Throughput Comment
Transportation casks containing a naval 400
canister
Transportation casks containing HLW 600 100 rail-based transportation casks
canisters containing 5 HLW canisters and 500 truck-
based transportation casks contain 1 HLW
canister
Naval canisters 400
HLW canisters 1000
Waste packages containing a naval 400
canister
Waste packages containing HLW canisters 200 5 canisters per waste package

NOTE: IHF = Initial Handling Facility; HLW = high-level radioactive waste;

Source: Ref. 2.2.26, Table 4.

6.1.3 Guide to Event Trees

Event trees are located in Attachment A. Table 6.1-2 contains the crosswalk from the ESD
(Ref. 2.2.28, Attachment F) to the initiating event tree and response tree figure location in
Attachment A.

Table 6.1-2. Figure Locations for Initiating Event Trees and Response Trees

Response
IE Event Tree IE Event Tree Response Tree Tree
ESD# ESD Title Name Location Name Location
IHF-ESD-01 | Event Sequences ESD-01-HLW Figure A5-2 IHF-RESP-TC1 Figure A5-3
for Activities ESD-01-NVL Figure A5-4 | IHF-RESP-TC1
Associated with
Receipt of Naval or
HLW TC on RC or
TT in Cask
Preparation Area
and Upending and
Transfer of Naval
TCto CTT
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Table 6.1-2. Figure Locations for Initiating Event Trees and Response Trees (Continued)

ESD#

ESD Title

IE Event Tree
Name

IE Event Tree
Location

Response Tree
Name

Response
Tree
Location

IHF-ESD-02

Event Sequences
for Activities
Associated with
Removal of Impact
Limiters, Upending
and Transfer of
HLW Cask to CTT
and Removal of
Impact Limiters
from Naval TC

ESD-02-HLW
ESD-02-NVL

Figure A5-5
Figure A5-6

IHF-RESP-TC1
IHF-RESP-TC1

Figure A5-3
Figure A5-3

IHF-ESD-03

Event Sequences
for Activities
Associated with
Cask Preparation
Activities
Associated with
Unbolting and Lid
Adapter Installation
for the HLW Cask

ESD-03-HLW

Figure A5-7

IHF-RESP-TC1

Figure A5-3

IHF-ESD-04

Event Sequences
for Activities
Associated with
Removal of the
Naval Cask Lid and
Installing the Naval
Canister Lifting
Adapter

ESD-04-NVL

Figure A5-8

IHF-RESP-CAN1

Figure A5-9

IHF-ESD-05

Event Sequences
for Activities
Associated with
Transfer of a Cask
on CTT from Cask
Preparation Area to
Cask Unloading
Room

ESD-05-HLW

ESD-05-NVL

Figure A5-10

Figure A5-12

IHF-RESP-
CAN2-HLW

IHF-RESP-
CAN2-NVL

Figure A5-11,

Figure A5-13

IHF-ESD-06

Event Sequences
for Activities
Associated with
Collision of CTT
with Cask
Unloading Room
Shield Door

ESD-06-HLW
ESD-06-NVL

Figure A5-14
Figure A5-15

N/A
N/A

N/A
N/A

IHF-ESD-07

Event Sequences
for Activities
Associated with the
Transfer of a
Canister froma TC
to a WP with CTM

ESD-07-HLW
ESD-07-NVL

Figure A5-16
Figure A5-17

IHF-RESP-CAN1
IHF-RESP-CAN1

Figure A5-9
Figure A5-9
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Table 6.1-2. Figure Locations for Initiating Event Trees and Response Trees (Continued)

Response
IE Event Tree IE Event Tree Response Tree Tree
ESD# ESD Title Name Location Name Location
IHF-ESD-08 | Event Sequences ESD-08-HLW Figure A5-18 IHF-RESP-WP1 Figure A5-19
for Activities na_ ; ~ _ R ; _
Associated with WP ESD-08-NVL Figure A5-20 IHF-RESP-WP1 Figure A5-19
Transfer from WP
Loading Room to
Closing Position in
WP Positioning
Room below WP
Closure Room
IHF-ESD-09 | Event Sequences ESD-09-HLW Figure A5-21 IHF-RESP-WP2 Figure A5-22
for Activities ESD-09-NVL Figure A5-23 | IHF-RESP-WP2 | Figure A5-22
Associated with
Assembly and
Closure of the WP
IHF-ESD-10 | Event Sequences ESD-10-HLW Figure A5-24 IHF-RESP-WP3 Figure A5-25
for Activities 10 ; ~ _ R ; ~
Associated with the ESD-10-NVL Figure A5-26 IHF-RESP-WP3 Figure A5-25
Transfer of the WP
from the WP
Positioning Room
to the WPTT
Docking Station
IHF-ESD-11 | Event Sequences ESD-11-HLW Figure A5-27 IHF-RESP-WP3 Figure A5-25
for Activities ESD-11-NVL Figure A5-28 | IHF-RESP-WP3 | Figure A5-25
Associated with
Exporting a WP
IHF-ESD-12 | Event Sequences ESD-12A-HLW Figure A5-29 N/A
for Activities ESD-12A-NVL Figure A5-30 | N/A
Associated with
During Various ESD-12B-NVL Figure A5-32 N/A
Activities .
ESD-12C-HLW Figure A5-33 N/A
ESD-12C-NVL Figure A5-34 N/A
IHF-ESD-13 | Event Sequences ESD-13-HLW-CAN | Figure A5-35 IHF-RESP-FIRE Figure A5-36
Associated with ESD-13-HLW-CSK | Figure A5-37 | IHF-RESP-FIRE | Figure A5-36
Fires Occurring in ) )
the IHF ESD-13-HLW-WP Figure A5-38 IHF-RESP-FIRE Figure A5-36
ESD-13-NVL Figure A5-39 IHF-RESP-FIRE Figure A5-36

NOTE: CAN = canister; CTM = canister transfer machine; CTT = cask transfer trolley; ESD = event sequence
diagram; HLW = high-level radioactive waste; IHF = Initial Handling Facility; NVL = naval, RC = railcar;
RESP = response; TC = transportation cask; TT = transfer trolley; WP = waste package; WPTT = waste
package transfer trolley.

Source: Attachment A, Table A5-1.
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6.2 ANALYSIS OF INITIATING AND PIVOTAL EVENTS

6.2.1 Approach to Analysis of Initiating and Pivotal Events for Linking to Event
Sequence Quantification

Section 4.3.2 provides a brief introduction to the application of fault tree analysis (FTA) for
initiating and pivotal events, including an example fault tree. Many of the initiating events
involve faults in complex machinery for which no historical data exists at the system level, an
exception being historical data on load drops from cranes. Therefore, FTA is employed to map
elements of equipment design and operational features to various failure modes of components
down to a level of assembly, termed “basic events” for which historical data is available.
Attachment B presents the fault tree logic and stand-alone quantifications.

Much of the equipment used in the IHF is also used in other surface facilities and Intra-Site
Operations. Furthermore, a given system, such as the waste package transfer trolley, may affect
the event sequences for several operational nodes of the same facility or several kinds of waste
forms, as it does for the IHF. Therefore, the logic of the fault trees described in this section and
Attachment B are linked to event trees where appropriate via an intermediate top event name that
is unique to the event sequence per the waste form involved and operational node. In this way,
the logic structure of the system fault tree may be used over and over but, by virtue of the rules
feature of SAPHIRE, the inputs to each fault tree can be tailored to fit the event sequence.

The fault trees are linked to the event trees via the initiating event tree rules file and the
application of linking fault trees. The rules file specifies the names of the linking fault trees for
initiating event and pivotal event fault trees to be substituted into the event tree top events during
quantification. The rules files also specify the use of particular values for basic events and other
probabilistic factors that affect the event sequence quantification. The linking fault trees have
unique names for the facility and the operational nodes for each event tree. The linking fault
trees are very simple, usually having a single top event that is an OR gate that connects to one of
the system fault trees. This allows for application of unique top event probabilities to the
different initiating events modeled in the initiating event tree.

Attachment B, Sections B1 to BS, presents the system fault trees. The present section describes
the bases for the system fault trees and the quantification of their top events.

Attachment B, Section B6, presents the linking fault trees used in the IHF analysis. The linking
fault trees are self explanatory. No quantification is performed for the linking trees alone.

A top event occurs when one of the ITS success criteria for a given SSC fails to be achieved. At
least one success criterion is defined for each system. Multiple success criteria are defined for
systems that perform multiple safety functions in the IHF.

Each of the top events for the initiating event fault trees represent the conditional probability that
the top event will occur when the system is put into service. That is, the results of the FTA
answer a question such as “What is the probability for each canister lift that the CTM drops the
canister, given a lift?” The expected number of canister drop initiating events during the
preclosure period is the product of the number of times a canister is lifted during the preclosure
operations and the conditional probability of the top event. Such values for the expected number
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of canister drops are not, however, developed directly. Instead, the initiating event tree in
SAPHIRE links the various fault tree logic models to the canister, or other waste form, and the
throughput values to generate the initial portions of event sequence cut sets that are subsequently
processed as part of the solution of the complete event sequence that includes pivotal events.

In general, each of the FTAs in Attachment B is developed to include both 1) HFEs, and 2)
mechanical failures that result in the occurrence of the top event. The HFEs include postulated
unintended operator actions that could potentially occur during the facility activity and, as
applicable, hardware failures for those SSCs whose function is to prevent the top event from
occurring given the unintended operator action occurs (e.g., interlock). Mechanical failures
typically involve random component failures (e.g., electrical, mechanical) and failures from the
loss of a supporting system (e.g., loss of power).

For quantification of the probability of the top event, failure probabilities are developed for each
basic event (hardware or HFE) and are used to compute the probability of each cut set. For
component failure data that is expressed as “failures per hour,” a “mission time” must be
defined. In many instances in the FTA quantification, a mission time of one hour is used if this
value is conservative. Where mission time is critical, appropriate times are justified and
incorporated into the event sequence quantification. Hardware failure probabilities are taken
from the reliability analysis data discussed in Sections 6.3. HFE probabilities are taken from the
HFE analysis discussed in Section 6.4.

Uncertainties in the probabilities of basic events are included in the inputs to the SAPHIRE
analysis. The uncertainties are propagated through the FTA to yield the uncertainty distribution
of the top event.

Issues that are addressed in the fault trees, in addition to the mapping of the descriptions of the
physical system into a fault tree logic diagram based on explicit effects of mechanical and
hardware failures, include the following:

e Basic event data

e Common-cause and common mode failures such as failures induced by common
training, maintenance practices, fabrication, common electrical supplies

e Support systems and subsystems such as transporters (site prime mover, cask transfer
trolley), electrical, etc.

e System interactions
e HFEs

e Control logic malfunctions.
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The following subsections provide summaries of the analyses detailed in Attachment B. For
each fault tree, the following information is provided:

Physical description

Operation

Control system

System/pivotal event success criteria
Mission time

Fault tree results.

6.2.2 Summary of Fault Tree Analysis
6.2.2.1 Site Prime Mover Fault Tree Analysis

The FTA is detailed in Attachment B, Section B1. The following is a summary of the design,
operations, success criteria, and results of the fault tree quantification. See Attachment B,
Section B1 for sources of information on the physical and operational characteristics of the site
prime mover (SPM).

6.2.2.1.1 Physical Description

The SPM is a diesel/electric self-propelled vehicle that is designed to move railcars or truck
trailers loaded with transportation casks. The transport occurs for both the Intra-Site and within
the IHF. A speed limiter is used on the SPM to ensure the maximum speed does not exceed
9 miles per hour. Movement of the SPM with railcars (termed site prime mover railcar
(SPMRC)) or SPM with truck trailers (termed site prime mover truck trailer (SPMTT)) within
the THF is limited to the Cask Preparation Area. Retractable railroad wheels attached to the front
and rear axles of the SPM are used for rail operations. The driving and braking power comes
directly from the road tires, as they are in contact with the rails. A diesel engine provides the
energy to operate the SPM outside the facilities. Inside, the SPM is electrically driven via an
umbilical cord (or remote control) from the facility main electrical supply.

6.2.2.1.2 Operations

In-facility SPM operations begin after the SPM has positioned the railcar or truck trailer outside
the IHF. The site prime mover diesel engine is shut down and the outer door is opened. Facility
power is connected to the SPM for all operations inside the facility. The operator connects the
pendant controller or uses a remote (wireless) controller to move the SPM to push the railcar or
truck trailer into the Cask Preparation Area.

In the event of loss of power, the SPM is designed to stop, retain control of the railcar or truck
trailer, and enter a locked mode where it remains until operator action is taken to return to
normal operations.

6.2.2.1.3 Control System

A simplified block diagram of the functional components on the SPMRC/truck trailer is shown
in Attachment B, Section B1, Figure B1.2-1.
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The control system provides features for preventing initiating events:

e The SPM is designed to stop whenever 1) commanded to stop or 2) when there is a loss
of power.

e The operator can stop the SPM by either commanding a “stop” from the start/stop button
or by releasing the palm switch which initiates an emergency stop.

e At anytime there is a loss of power detected, the SPM will immediately stop all
movement and enter into “lock mode” safe state. The SPM will remain in this locked
mode until power is returned and the operator restarts the SPM.

6.2.2.1.4 System/Pivotal Event Success Criteria
Success criteria for the SPM are the following:

e Prevent SPMRC and SPMTT collisions
o Prevent SPMRC derailments
o Prevent SPMTT rollovers.

Various design features are provided to achieve each of the success criteria. The failure to
achieve each success criterion defines the top event of a fault tree for the SPM.

6.2.2.1.5 Mission Time

A nominal one-hour mission time is used to calculate the failure probability for components
having a time-based failure rate. One hour is conservative because it does not require more than
one hour to disconnect the SPM from the railcar and remove it from the facility. Otherwise,
failure-on-demand probabilities are used.

For railcar derailment, the probability is based on the distance traveled inside the IHF, 0.04
miles, and industry data derailment rate of 1.18E-05 per mile traveled (Attachment C,
Table C4-1, DER-FOM).

6.2.2.1.6 Fault Tree Results

The detailed description in Attachment B, Section B1, documents the application of basic event
data, CCFs, and HRA.

The SPMRC or SPMTT has three credible failure scenarios:

1.  SPM collides with IHF structures for naval and HLW transportation casks.
2. SMPRC derails for both naval and HLW rail transportation casks.
3. SPMTT rollover for only HLW truck transportation casks.
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Results of the analysis are summarized in Table 6.2.-1.

Table 6.2-1. Summary of Top Event Quantification for the SPM on a per Cask Basis

Mean Standard
Top Event Probability Deviation
SPM collides with IHF structures (NVL or HLW on RC or TT) | 4.6E-03 1.4E-02
SPMRC derailment (NVL or HLW on RC) 4.7E-07 7.4E-9
SPMTT rollover (HLW on TT) 0.0E+00 0.0E+00

NOTE: IHF = Initial Handling Facility; NVL = naval; HLW = high-level radioactive waste; RC =
railcar, SPM = site prime mover; TT = truck trailer.

Source: Attachment B, Figures B1.4-1, B1.4-6, B1.4-12 and B1.4-15
6.2.2.2 Cask Transfer Trolley Fault Tree Analysis

The FTA for the CTT is detailed in Attachment B, Section B2. The following is a summary of
the design, operations, success criteria, and results of the fault tree quantification. See
Attachment B, Section B2 for sources of information on the physical and operational
characteristics of the CTT.

6.2.2.2.1 Physical Description

The CTT is an air-powered machine that will be used to transport various vertically oriented
transportation casks from the Cask Preparation Area to the Canister Transfer Area. The trolley
consists of a platform, a cask support assembly, a pedestal assembly, a seismic restraint system,
and an air system.

The CTT will handle a number of different casks, so several different pedestals are used to
properly position the cask height. Each pedestal subcomponent is designed for its respective
cask to sit down in a “cavity.” In addition, the cask is restrained in the longitudinal and
transverse directions by the cavity walls and restrained in the vertical down direction by the
pedestal itself. This design also ensures the cask is positioned correctly. The trolley is
positioned within a set tolerance under the cask port in the Canister Transfer Area using bumpers
and stops that are bolted to the floor of the Cask Unloading Room and which are designed with
bolts that would break to allow the CTT to slide during a seismic event.

In addition, the cask is restrained by two electric powered linkage systems that prevent side
motions during a seismic event. Different cask diameters are handled by bolting unique interface
clamps on the seismic restraints. When the restraint system is properly positioned next to the
cask, two locking pins are pneumatically actuated to secure the position of the system. If the
locking pins are not secured, the CTT will not be able to power up and move/levitate.

The facility compressed air supply inflates air casters beneath the trolley platform, which allow
the CTT to rise above the steel floor. The platform mounted hose reel has an air-powered return,
a ball valve shut-off, quick disconnect fittings, and a safety air fuse. A main “off/on” control
valve and separate flow control/monitoring valves for each air bearing allow adjustment and
verification of pressure/flow for each individual bearing. Interlocks for the air are provided to
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verify the main incoming pressure is not too high, and to verify that all bearings have sufficient
air pressure.

End mounted turtle style drive units that are 360-degrees steerable are used to steer the CTT.
Traction is produced by down-pressure on the wheels provided by a small air bag on each drive
unit.

The CTT 1s evaluated for a collision with another object while carrying the cask. The maximum
speed of the drives, 10 feet per minute (ft/min), has been set so that the forces the cask
experiences during a seismic event would envelope a collision. The speed is controlled in two
ways. First, the electrical control system is designed to provide a proportional control signal to
the air valve that produces a speed range of 0 to 10 ft/min. In the event this control system fails,
a factory set mechanical throttle valve, in line with each motor drive, restricts the air flow to
prevent a “run-away’’ condition.

6.2.2.2.2 Operation

Initially, the CTT is located in the Cask Preparation Area with the battery fully charged, the
seismic restraints retracted, and with no air or electrical power connected. Based on the next
planned cask to be loaded onto the trolley, the corresponding pedestal components are installed
into the base, and bumpers are bolted onto the seismic restraints and supports. The air hose is
then connected to the CTT.

The overhead crane moves a cask onto the pedestal. With the cask still attached to the crane, the
operator remotely operates the seismic restraints and secures the cask to the CTT. When the
restraints are in place, the locking pins are pneumatically inserted remotely. With the cask
secured to the CTT, the overhead crane is disengaged from the cask.

When the locking pins are inserted properly, an interlock allows the air bearings and drive
motors to be operated. Once all preparations of the cask are complete, the CTT can be raised and
moved to the Cask Unloading Room. Guides bolted to the floor ensure that the CTT can only
move forward and back, and will position the CTT so that the cask is directly below the transfer
port. Once in position, the air pressure to the bearings is stopped and the CTT rests in position.
The shield doors that separate the Cask Preparation Area from the Cask Unloading Room are
then closed.

6.2.2.2.3 Control System
The control system is relay-based and includes a pendant station as its operator interface.

No programmable logic controller (PLC) is used — all interlocks are hard wired. The pendant is a
standard crane pendant that has all of the controls for the unit including:

e Deadman handle — The operator presses both handles simultaneously to allow air to flow
to the CTT system to allow the CTT to levitate or move horizontally.

e Emergency stop button — The operator presses the emergency stop button on the pendant
control to stop the CTT (Section B2.2.2).
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o Clockwise/counterclockwise momentary switch — The operator turns this switch to turn
the drive units for horizontal movement. This rotational characteristic is used to move
the CTT to storage or maintenance location after it leaves the Cask Preparation Area.

e Forward/reverse switch — The operator uses the forward/reverse switch to determine the
direction of the drive units.

e Variable speed control switch — The operator use the variable speed control switch to
adjust the CTT drive speed.

o (ask restraint — The operator uses the selector switch to actuate the motor to close the
restraints and automatically engage the locking pin.

During normal operations, the controls operate off a battery system contained on the CTT. Only
one operator is needed to drive the CTT since it only travels in one direction when it is carrying a
cask.

The main air supply valve is a pilot operated solenoid valve that is fail safe (i.e., it is a spring
valve that closes upon loss of electrical power or loss of air pressure). The air supply valve
opens when the locking pins actuate the limit switches and the pendant deadman switches are
actuated.

6.2.2.2.4 System/Pivotal Event Success Criteria
Success criteria for the CTT are the following:

e Ensure the CTT remains stationary with no spurious movement during transportation
cask placement onto the CTT, transportation cask preparation, or during unloading

e Prevent collisions while moving the CTT with cask from the Cask Preparation Area to
the Cask Unloading Room.

Various design features are provided to achieve each of the success criteria. The failure to
achieve each success criterion defines the top event of a fault tree for the CTT.

6.2.2.2.5 Mission Time

In all cases a conservative mission time of one hour per cask transfer is used for each fault tree.
6.2.2.2.6 Fault Tree Results

The detailed analysis is presented in Attachment B, Section B2.

There are four fault trees associated with the CTT:

1. Spurious movement in the Cask Preparation Area while loading a cask onto the CTT
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2. Spurious movement in the Cask Preparation Area during unbolting and lid adapter
installation

3.  Spurious movement in the Cask Unloading Room while unloading canisters from the
CTT

4. Collision with an object or structure while moving a cask from the Cask Preparation
Area to the Cask Unloading Room.

The results of the analysis are summarized in Table 6.2-2. Four fault trees were developed
where the top events correspond to one of the scenarios listed above.

Table 6.2-2 Summary of Top Event Quantification for the CTT

Mean Standard

Top Event Probability Deviation
Spurious movement of the CTT during cask loading 1.8E-9 5.7E-9
Spurious movement of the CTT during cask preparation 1.2E-4 2.0E-4
CTT collision into structure 9.9E-4 1.3E-3
Spurious movement during canister transfer 2.8E-14 1.3E-13

NOTE: CTT = cask transfer trolley.
Source: Attachment B, Figures B2.4-1, B2.4-5, B2.4-8 and B2.4-12

6.2.2.3 Slide Gate and Shield Door Fault Tree Analysis

The IHF Cask Unloading Room and Waste Package Loading Room have a port slide gate
providing access to the Canister Transfer Area. There is a shield door between the Cask
Preparation Area and the Cask Unloading Room, between the Waste Package L.oading Room and
the Waste Package Positioning Room, and between the Waste Package Positioning Room and
the Waste Package Loadout Room. The shield doors and port slide gates provide shielding
during canister unloading and loading.

The FTA is detailed in Attachment B, Section B3. The following is a summary of the design,
operations, success criteria, and results of the fault tree quantification. See Attachment B,
Section B3 for sources of information on the physical and operational characteristics of the
equipment shield doors and slide gates.

6.2.2.3.1 Physical Description

The shield doors consist of a pair of large heavy doors that close together. The doors are
operated by individual motors that have over-torque sensors to prevent crushing an object. Each
door has two position sensors to indicate either a closed or open door, and an obstruction sensor
prevents the doors from closing on an object. The shield doors and port slide gate are
interlocked to prevent one another from opening if the other is open. The shield doors are
opened and closed via a hand lever that must be enabled by an enable/disable switch. An
emergency open switch exists enabling the doors to be opened in case of an emergency situation.
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Similar to the shield doors, the port slide gate consists of two gates that close together between
the loading/unloading rooms and the Canister Transfer Area. The gates are operated by
individual motors that also have over-torque sensors. Each gate has limit switches to indicate
open or closed gates. A CTM skirt-in-place switch is interlocked to the port slide gate to prevent
the gates from opening without the CTM in place and a CTM in-place bypass hand switch exists
for maintenance activities. Slide gate operation is controlled by a hand switch coupled with an
enable/disable switch and shield door interlocks prevent the slide gate from opening when the
shield door is open. Open/closed and CTM in-place indicators exist to assist operators in their
activities.

6.2.2.3.2 Operation

The Cask Unloading Room shield doors are opened to allow the CTT to enter the room. Once
the CTT is positioned properly in an unloading room, shield doors are shut in preparation for
removing canisters from the cask. Once the shield doors are shut, the cask port slide gate may be
opened to allow the canister transfer machine (CTM) to perform cask unloading operations.
Waste package loading operations in the Waste Package Loading Room are analogous to cask
unloading operations. The waste package port slide gate may be opened to allow waste package
loading access if the shield doors are closed. Once loading is complete and the slide gate is
closed, the shield doors may be opened to allow the WPTT to carry the waste package into the
Waste Package Positioning Room.

6.2.2.3.3 Control System
The control systems have hard-wired interlocks for the following functions:

o The shield door system will not have any test, maintenance, or other modes/settings that
will allow bypass of interlocks

¢ A single interlock prevents the port slide gate from opening when the CTM skirt is not
in place

e An obstruction sensor is provided to detect objects between the shield doors and prevent
door closure initiation

e Motor over-torque sensors are provided to prevent shield doors from causing damage to
casks or waste packages in the event of closure on a conveyance

o Shield doors and slide gates are equipped with redundant hardwired interlocks to prevent
one from opening when the other is open.

6.2.2.3.4 System/Pivotal Event Success Criteria
Success criteria for the shield door and slide gate are the following:

¢ Prevent inadvertent opening of shield door
e Prevent inadvertent opening of the slide gate
¢ Prevent shield door closing on conveyance.
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Various design features are provided to achieve each of the success criteria. The failure to
achieve each success criterion defines the top event for a fault tree for the CTT.

6.2.2.3.5 Mission Time

Most of the basic events in the fault tree models are “failure on demand” for equipment failures
and “failure per operation” for HFEs. A mission time of one hour was used to calculate the
probability of a spurious signal being sent due to PLC failure.

6.2.2.3.6 Fault Tree Results
The detailed analysis is presented in Attachment B3.
The slide gate and shield door system has three credible failure scenarios:

1. Inadvertent opening of the shield door.
2. Inadvertent opening of the slide gate.
3. Shield door closes on conveyance.

The results of the analysis are summarized in Table 6.2-3. Three fault trees were developed
where the top events correspond to one of the scenarios listed above.

Table 6.2-3. Summary of Top Event Quantification for the Shield Doors and Slide Gate

Mean
Top Event Probability | Standard Deviation
Inadvertent Opening of the Shield Door 1.3E-6 2.0E-8
Inadvertent Opening of the Slide Gate 3.5E-9 1.2E-8
Shield Door Closes on Conveyance 1.8E-5 2.5E-5

Source: Attachment B, Figures B3.4-1, B3.4-4 and B3.4-7
6.2.2.4 Canister Transfer Machine Fault Tree Analysis

The FTA is detailed in Attachment B, Section B4. The following is a summary of the design,
operations, success criteria, and results of the fault tree quantification. See Attachment B,
Section B4 for sources of information on the physical and operational characteristics of the
CTM.

6.2.2.4.1 Physical Description and Functions

The CTM is located and operated in the Canister Transfer Area of the IHF. The CTM is used to
transfer waste canisters from a cask on the CTT to a waste package supported by the WPTT.
The ports in the floor of the Canister Transfer Area provide access to the Cask Unloading Room
and Waste Package Loading Room.

The CTM is an overhead crane bridge with two trolleys. The first is a canister hoist trolley with
a grapple attachment and hoisting capacity of 70 tons. The second is a shield bell trolley that
supports the shield bell. The bottom end of the shield bell is attached to a larger chamber to
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accommodate cask lids. The CTM bottom plate assembly supports a thick motorized slide gate.
The CTM slide gate, when closed, provides bottom shielding for the canister once the canister is
inside the shield bell. Around the perimeter of the bottom plate, a thick shield skirt is provided
which can be raised and lowered to prevent lateral radiation shine during a canister transfer
operation.

6.2.2.4.2 Operations

The CTM transfers waste canisters from the transportation cask to the waste package. For this
operation, a loaded transportation cask, secured in the CTT, is positioned below the transfer port
in the Cask Unloading Room. In the case of the naval SNF canister, the lifting fixture has been
affixed to the canister and it is ready to be grappled to the CTM. In the case of the HLW cask,
the cask lid is in place but unbolted. Similarly, an empty waste package secured by the WPTT is
positioned under the adjacent transfer port in the Waste Package Loading Room.

The CTM is moved to a position over the center of the port above the loaded cask. The shield
skirt is lowered to rest on the floor, and the port slide gate is opened. The CTM slide gate is
opened and the canister grapple is lowered through the shield bell to engage and lift the cask lid.
The port slide gate is closed and the shield skirt is raised so the CTM can be moved to a cask lid
staging area to set down the lid.

The CTM is moved back over the port above the loaded cask to align the canister grapple. The
shield skirt is lowered, the port slide gate is opened, and the grapple is lowered to engage the
canister lifting feature. The canister is raised into the shield bell. The CTM slide gate and the
port slide gate are closed and the shield skirt is raised so the CTM can be moved to the port
above the empty waste package. The waste package loading operations are essentially the
reverse of the cask unloading.

The CTM canister grapple is used for handling naval canisters. Other grapples are used to access
the smaller diameter HLW canisters. These grapples are attached to the CTM canister grapple
by positioning the CTM over a hatch located in the Canister Transfer Area floor and lowering the
CTM hoist until the CTM grapple is accessible in the room below.

The CTM is normally controlled from the facility operations room (also referred to in this
document as the control room), but a local control station is also provided.

Generally, under off-normal conditions, the CTM is not in operation. Following a loss of
alternating current offsite power, all power to the CTM motors (e.g., hoist, bridge, trolley, and
bell trolley) is lost. If a transfer is underway when power is lost, all of the CTM motors stop and
the hoist holding brake engages. Operations are suspended until power is restored and the load
can be safely moved. Under other off-normal conditions, transfer operations would be
suspended and the CTM would remain idle.
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6.2.2.4.3 Control System
Hard-wired interlocks are provided to:
¢ Prevent bridge and trolley movement when the CTM shield skirt is lowered
e Prevent raising the shield bell skirt when the port slide gate is open
e Prevent hoist movement unless the grapple is fully engaged or disengaged
e Stop the hoist and erase the lift command when a canister clears the CTM slide gate

o Stop a lift before upper lift height limits are reached (two interlocks are provided for this
function)

e Prevent opening of the port slide gate unless the CTM shield skirt is lowered and in
position

e Prevent hoist movement unless the CTM shield skirt is lowered

e Prevent lifting of a load that exceeds the operational weight limit of the CTM
(load cells).

Some of these interlocks can be bypassed during maintenance. The most significant of these
interlocks that can be bypassed is the interlock between the CTM shield skirt position and the
position of the port slide gate (The shield skirt cannot be raised unless the slide gate is closed or
the maintenance bypass is engaged.). The design of the grapple interlock ensures that the bypass
is voided when a canister is grappled.

Many of the operational controls are provided by non-ITS PLCs. Spurious or failed operation of
the PLCs is in the FTA when such operation may contribute to a drop or collision event.

6.2.2.4.4 System/Pivotal Event Success Criteria
Success criteria for the CTM are the following:
e Prevent a canister drop from a height below the design basis height for canister damage
from any cause during the lifting, lateral movement, and lowering portions of the

canister transfer

e Prevent a canister drop from above the canister design limit drop height from any cause
during the lifting, lateral movement, and lowering portions of the canister transfer

e Prevent a drop of any object onto the canister from any cause during the lifting, lateral
movement, and lowering portions of the canister transfer
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e Prevent a collision between the canister and the shield bell or Canister Transfer Area

floor from any cause during the lifting, lateral movement, and lowering portions of the
canister transfer

e Prevent CTM movement that could result in a shearing force being applied to the

canister when the canister is being lifted and is between the first and second floors of
the THF.

The failure to achieve each success criterion defines the top event for a fault tree for the CTM.

6.2.2.4.5 Mission Time

The mission time for the ITS CTM is set to one hour.

6.2.2.4.6 Fault Tree Results

The analysis is detailed in Attachment B, Section B4.

There are five scenarios associated with the CTM that represent potential initiating events:

1.

The CTM drops a canister from a height below the design basis height for canister
damage (this includes canister drops within the shield bell once the CTM slide gate
has been closed and drops through a Canister Transfer Area port to the loading or
unloading room that can occur before the CMT slide gate is closed).

The CTM drops a canister from a height above the design basis height for canister
damage.

The CTM drops an object onto a canister.

The CTM, while carrying a canister, moves in such a manner (spurious movements,
exceeding bridge or trolley end of travel limits) as to cause an impact of the canister
with the shield bell.

The CTM moves when the canister being transferred is being lifted and is between the
IHF floors resulting in shear forces being applied to the canister.

The results of the analysis are summarized in Table 6.2-4. Five fault trees were developed. The
top events correspond, to the five potential initiating events defined above.
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Table 6.2-4. Summary of Top Event Quantification for the CTM

Mean
Top Event Probability | Standard Deviation
CTM drop below the design basis height 2.1E-4 2.6E-4
CTM high drops from two blocking events 2.8E-8 1.4E-7
Drop of object onto cask 1.0E-3 1.2E-3
CTM collision results in an impact to canister 7.9E-6 9.7E-6
CTM Shear 2.8E-5 3.5E-5

NOTE: CTM = canister transfer machine.
Source: Attachment B, Figures B4.4-1, B4.4-15, B4.4-20, B4.4-34, and B4.4-41

6.2.2.5 Waste Package Transfer Trolley Fault Tree Analysis

The FTA for the WPTT is detailed in Attachment B, Section BS. The following is a summary of
the design, operations, success criteria, and results of the fault tree quantification. See
Attachment B, Section B5 for sources of information on the physical and operational
characteristics of the WPTT.

6.2.2.5.1 Physical Description and Functions

The waste package transfer trolley (WPTT) is an electrically powered machine used to transport
the waste package containing various waste canisters from the Waste Package Loading Room to
the Waste Package Positioning Room and then to the waste package transfer carriage docking
station in the Waste Package Loadout Room. The WPTT consists of a shielded enclosure that
holds the waste package, waste package pallet, waste package transfer carriage, and pedestal.
The shielded enclosure acts as a radiation shield to minimize radiation to the surroundings. The
enclosure pivots between a vertical and horizontal position for waste package loading and
unloading.

The WPTT travels on rails between the Waste Package Loading Room and the docking station.
The crane rails supporting the WPTT are gapped in multiple locations. Power is supplied to the
motor by a third rail system and the maximum speed is less than 20 ft/min, as required by ASME
NOG-1-2004 (Ref. 2.2.7) and established by the size of the drive motor and the gear drive
system. The WPTT includes seismic rail clamps and rails anchored to the floor to ensure the
stability of the WPTT during a seismic event.

The rotation of the shielded enclosure from vertical to horizontal is driven by worm gear
mechanisms and is also powered by the third rail system. Each of the rotation mechanisms is
sized to rotate the full design load (no greater than 178,200 lbs) on its own and at a speed no
faster than 18-degrees per minute. The worm gear mechanism has the inherent property to self
lock to prevent uncontrolled tilt down.

The waste package transfer carriage is a wheeled platform which carries the waste package pallet
and waste package. The transfer carriage is moved by a mechanical screw-driven carriage
retrieval assembly that places an empty waste package in the shielded enclosure and retrieves the
loaded and sealed waste package from the shielded enclosure for interfacing with the TEV.
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6.2.2.5.2 Operation

The waste package loadout operation begins with an empty waste package being loaded into the
WPTT. The WPTT is locked into the waste package transfer carriage docking station and
rotated to the horizontal position. The transfer carriage with an empty waste package and pallet
is moved into the shielded enclosure of the WPTT via the waste package transfer carriage
docking station’s waste package retrieval assembly. The shielded enclosure is rotated into the
vertical position and the shield ring is lowered and locked into position on top of the shielded
enclosure by the waste package handling crane.

The WPTT is unlocked from the waste package transfer carriage docking station and is remotely
driven into the Waste Package Loading Room. The WPTT is situated so that the empty waste
package is directly beneath the center of the port slide gate that separates the Waste Package
Loading Room from the Canister Transfer Area.

The WPTT is positioned in the Waste Package Loading Room and the port slide gate is opened
to allow the waste canister(s) to be lowered into the empty waste package using the CTM.

After the waste package is loaded, the inner lid is placed onto the waste package, and the port
slide gate closed, the WPTT moves to the Waste Package Positioning Room. At this station, the
inner lid is welded in place, and the weld is inspected. The air within the waste package is
replaced by helium with a helium purging operation. After the inner lid is inspected for leakage,
the outer lid is positioned and welded in place. The welds of the outer lid are inspected to ensure
the waste package is properly sealed.

After the waste package is sealed, the WPTT is moved into the Waste Package Loadout Room
where it is locked into the waste package transfer carriage docking station. The shield ring is
remotely removed with the waste package handling crane and the shielded enclosure is rotated
into the horizontal position. The waste package carriage retrieval assembly is then retracted to
pull the carriage and waste package out of the shielded enclosure to a position where the TEV is
able to lift the waste package and pallet off the carriage.

6.2.2.5.3 Control System

Interlocks prevent translational or rotational motion of the WPTT while a canister is being
loaded into the waste package (i.e., when the waste package slide gate is open) or while the
waste package is being withdrawn from the shielded enclosure on the transfer carriage. The
shielded enclosure is not able to rotate in either direction unless the WPTT is locked into the
waste package transfer carriage docking station and the waste package carriage retrieval
assembly is completely extended or retracted. Interlocks also prevent over-travel of the trolley
and travel through portals when the shield doors are closed. Manually actuated, hardwired
emergency stop buttons are available at all control locations to allow power to be removed from
the drive motors.
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6.2.2.5.4 System/Pivotal Event Success Criteria
Success criteria for the WPTT are the following:

e Ensure the WPTT in the Waste Package Loading Room remains stationary with no
movement while loading a canister onto the shielded enclosure.

e Ensure the WPTT travels at a speed no greater than 40 ft/min and that the operator is in
control and able to stop the WPTT as required.

e Ensure the WPTT does not derail during the transport process.
e Prevent premature tilt-down of the shielded enclosure during transfer.
e Prevent premature tilt-up or WPTT departure during loadout operations.

Various design features are provided to achieve each of the success criteria. The failure to
achieve each success criterion defines the top event for a fault tree for the WPTT.

6.2.2.5.5 Mission Times

A conservative mission time of one hour per canister was used for canister and waste package
transfers through the process for each fault tree.

6.2.2.5.6 Fault Tree Results
The WPTT fault tree analysis is detailed in Attachment B, Section BS.
There are five fault trees associated with the WPTT that represent potential initiating events:

1. Spurious movement in the Waste Package Loading Room while loading a canister into
the waste package.

2. Impact of the WPTT with a structure while moving from the Waste Package Loading
Room to the Waste Package Positioning Room and then to the Waste Package Loadout
Room.

3. Derailment of the WPTT while moving from the Waste Package Loading Room to the
Waste Package Positioning Room and then to the Waste Package L.oadout Room.

4. Premature tilt-down of the shielded enclosure while moving from the Waste Package
Loading Room to the Waste Package Positioning Room and then to the Waste Package
Loadout Room.

5. WPTT or carriage malfunctions while extracting the carriage and waste package from
the shielded enclosure at the Waste Package Loadout Room.
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The results of the analysis are summarized in Table 6.2-5.

Table 6.2-5. Summary of Top Event Quantification for the WPTT

Top Event Mean Probability Standard Deviation
Spurious movement of the WPTT in the loading area while 2.8E-12 3.7E-11
loading the WP with canisters
Impact of the WPTT with a structure 3.0E-3 3.5E-3
Derailment of the WPTT 4.7E-7 7.4E-9
Premature tilt-down of the shielded enclosure 2.7E-5 3.3E-5
Malfunction of WPTT or WP transfer carriage 1.0E-3 1.3E-3

NOTE: WP = waste package; WPTT = waste package transfer trolley.
Source: Attachment B, Figures B5.4-1, B5.4-7, B5.4-11, B5.4-14 and B5.4-17

6.2.2.6 Site Transporter Fault Tree Analysis
The site transporter is not used in the IHF.
6.2.2.7 HVAC Fault Tree Analysis

The HVAC in the IHF is not designated as ITS equipment and therefore does not provide
confinement capability in the event of a release.

6.2.2.8 AC Power Fault Tree Analysis

There are no ITS AC power requirements for the IHF.
6.2.2.9 Potential Moderator Sources

6.2.2.9.1 Internal Floods

Internal floods are potential sources of moderator addition into a canister associated with pivotal
events in the event sequences included in Section 6.1. The internal flooding analysis considers
all waste handling facilities.

During most of its handling at the repository, a canister is surrounded by at least one other barrier
to water intrusion: a transportation cask, an aging overpack, a waste package, a waste package
within a WPTT, or a waste package within a TEV.

Each facility is equipped with a normally dry, double-preaction sprinkler system in areas where
waste forms are handled (Ref. 2.2.16, Ref. 2.2.29, Ref. 2.2.25, and Ref. 2.2.34). Such systems,
which require both actuation of smoke and flame detectors to allow the preaction valve to open
and heat actuation of a fusible link sprinkler head to initiate suppression, have a very low
frequency of spurious operation. A 30-day period from the occurrence of the canister breach to
the time definitive action can be taken to prevent introduction of water into the canister is
reasonable and is the same as the period used to assess dose for a radiological release. The
spurious actuation frequency over a 30 day mission time after a breach is calculated below.
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An estimate of the probability of spurious actuation was developed using a simplified screening
model that addressed the following cut sets that result in actuation:

e Spurious preaction valve opens before canister breach x failure of a sprinkler head
during post-breach mission time (30 days)

e Failure of a sprinkler head during building evacuation x water left in dry piping after last
test (1" quarter following annual test).

The probability of sprinkler failure is estimated using an individual sprinkler head failure
frequency of 1.6E-6/yr (Ref. 2.2.12, Table 1), the estimated number of sprinklers (1 per 130 ft*
based on NFPA 13 (Ref. 2.2.55, Table 8.6.2.2.1(b)) and the applicable area (Ref. 2.2.21). For
example, the area of CRCF Waste Package Loadout Room 1015 is listed as 7,470 ft* in Liquid
Low-Level Waste Collection Calculation (C2 and C3 Contamination Zone) (Ref. 2.2.21). At
130 ft*/sprinkler, 58 sprinklers are estimated. The failure of any sprinkler in the room is then
estimated to be 58 x 1.6E-6/yr x 1/8760 hrs/yr, or 1.1E-8/hr.

The frequency of preaction valve spurious open is estimated using the solenoid valve spurious
open data in Section 6.3 of 8.1E-07/hr. This is reasonable because a solenoid valve must open to
relieve the air pressure from the diaphragm which keeps the valve closed.

The value of the first cut set is (1.6E-6/yr x 1/8760 hr/yr x 720 h) x (8.1E-7/hr x 720 h) = 8E-
11/sprinkler head. The second cut set is more significant: 0.025 (human error screening value) x
(1.6E-6/yr x 1/8760 hr/yr x 720 h) = 3E-9/sprinkler head.

Applying the sum of these values, 3E-9/sprinkler head, to the number of sprinklers calculated for
the waste handling areas of the four facilities results in the following estimates of the probability
of spurious sprinkler actuation found in Table 6.2-6.

Table 6.2-6. Probability of Spurious Sprinkler Actuation

Probability of Spurious
Waste Handling Number of Actuation in 30 day Period in
Facility Area (ftz)*’1 Sprinkler Heads Waste Handling Areas
CRCF (ea) 42,000 330 1E-6
IHF 30,000 240 9E-7
RF 19,000 150 5E-7
WHF 28,000 215 B6E-7

NOTE: ® CRCF area based on room numbers 1005E, 1016-1026, 2004,2007, 2007A, and 2007B;
IHF area based on room numbers 1001-1003, 1006-1008, 1011,1012, 1026, and 2004;
RF area based on room numbers 1013, 1015, 1016, 1017, 1017A, and 2007,
WHF area based on room numbers 1007-1010, 1016, 2004, 2006, and 2008.
CRCF = Canister Receipt and Closure Facility, IHF = Initial Handling Facility, RF = Receipt
Facility, WHF = Wet Handling Facility.

Source: Ref. 2.2.21 for area.

Piping carrying water is present in the waste form handling areas of the CRCF, IHF and WHF.
Piping lengths in these areas of the CRCF and WHF are below 100 feet per facility. For the IHF,
approximately 6,800 feet of piping runs no closer than 60 feet of the cask unbolting area
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(Ref. 2.2.79). Even the length of piping in the IHF has little impact post-breach, as the
probability of a pipe crack or rupture in a 30 day period following a potential breach is 1.4E-03.
(Due to the early nature of the design, the only available reference for the length of pipe is this
interoffice memorandum. Due to the conservatisms used to determine the length of pipe, this
information does not require verification.)

The probability of a pipe crack in a 30 day period was estimated using the pipe leak data from
Industry-Average Performance for Components and Initiating FEvents at U.S. Commercial
Nuclear Power Plants, NUREG/CR-6928 (Ref. 2.2.39, Table 5-1). Piping leaks and large break
rates applicable to non-service water applications are used in the analysis. These values are
considered appropriate for repository systems because of the conditioning applied to the fluids in
the systems will be that typical of the commercial nuclear power plant:

External leak small (1 to 50 gallon/min):  Leak rate = 2.5E-10 hr'ft"
External leak large (> 50 gallon/min): Leak rate = 2.5E-11 hr''ft!

Multiplying the sum of the small and large crack frequencies (2.8E-10 hr''ft") by the length of
piping in the waste handling areas of each facility, and the number of hours in a 30 day period
(720 hr), a conditional probability of water leakage in all waste handling areas given a breach is
approximated as follows:

CRCF = 2.8E-10 hr''ft" x 100 ft x 720 h =2.0E-05
IHF < 2.8E-10 hr'ft! x 6800 ft x 720 h = 1.4E-03
WHEF = 2.8E-10 hr''ft" x 75 ft x 720 h = 1.5E-05
RF =2.8E-10 hr'ft" x 0 ft x 720 h = 0.

It is appropriate to use the waste handling area piping lengths because they are separated by
concrete walls from the non-waste handling areas of buildings.

The above applies to event sequences that do not involve fires as an initiating event. During fire
initiating event sequences, fire suppression would actuate in the locations sufficiently heated by
the fire. The fire initiating event analysis is described in Section 6.5, and the conditional
probability of canister failure owing to fires is described in Section 6.3. The analysis is
performed without the salutary effects of fire suppression in order to demonstrate large margins
of safety during fire event sequences. Furthermore, the location of each fire is analyzed as
around the outer shell of the overpack that surrounds the canister which neither accounts for the
CTT or WPTT enclosures that surround the overpack nor the elevated position of the canisters
with respect to a fire on the floor. The frequency of containment breach due to fire is
significantly overestimated because of this conservative approach.

6.2.2.9.2 Lubricating Fluid

Another source of moderation is lubricating fluid in cranes. Crane lube oil is of limited quantity
(<150 gallons) and housed in a gearbox with a leak pan below it capable of capturing the entire
gearbox fluid inventory. An estimate of the leakage rate through the gearbox and drip pan is
found by multiplying the all-modes gearbox, motor failure frequency of 0.88E-06 per hour
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(Ref. 2.2.36, p. 2-104 and Section 6.3) over 50 years by the conditional probability of oil pan
failure. A loss of lubrication would fail the crane operation and also be detected by oil-pressure
indicators. The conditional probability of oil pan failure may be estimated by analogy to receiver
tank leakage during the interval between gearbox failure and detection. The interval is
conservatively estimated to be 30 days. The all-modes failure rate of a receiver tank is 0.34 E-06
per hour (Ref. 2.2.36, p. 2-213). Using an exposure interval of 50 years (which represents the
operating life of the surface facilities), the conditional probability of lubricating fluid entering a
breached canister would be less than:

0.88E-06/hr x 50 yrs x 8760 hr/yr x 0.34E-06/hr x 720 hr = 9.4E-05 over the
preclosure period.

This probability is conservatively overstated because a) it does not account for inspections
during the operating period of the facility, and b) it does not account for the conditional
probability that lubricating fluid can find its way into a breached canister.

6.3 DATA UTILIZATION
6.3.1 Active Component Reliability Data

The fault tree models described in Section 6.2 include random failures of active mechanical
equipment as basic events. In order to numerically solve these models, estimates of the
likelihood of failure of these equipment basic events are needed. The active component
reliability estimates are developed by gathering and reviewing industry-wide data, and applying
Bayesian combinatorial methods to develop mean values and uncertainty bounds that best
represented the range of the industry-wide information.

6.3.1.1 Industry-wide Reliability Data for Active Components

While data from the facility being studied are the preferred source of equipment failure rate
information, it is common in a safety analysis for information from other facilities in the same
industry to be used when facility-specific data is sparse or unavailable. Because the YMP is a
one-of-kind facility and has no operating history, it was necessary to develop the required data
from the experience of other nuclear and nonnuclear operations. Industry-wide data sources are
documents containing industrial or military experience on component performance. These
sources are from previous safety/risk analyses and reliability studies performed nationally or
internationally and also can be standards or published handbooks. For the YMP PCSA, a
database is constructed using a library of industry-wide data sources of reliability data from
nuclear power plants, equipment used by the military, chemical processing plants and other
facilities. The sources used are listed in Attachment C, Section C1.2.

The data source scope has to be sufficiently broad to cover a reasonable number of the
equipment types modeled, yet with enough depth to ensure that the subject matter is
appropriately addressed. For example, a separate source might be used for electronics data
versus mechanical data, so long as the detail and the applicability of the information provided
justify its use. Lastly, the quality of the data source is considered to be a measure of the source’s
credibility. Higher quality data sources are based on equipment failures documented by a
facility’s maintenance records. Lower quality sources use either abbreviated accounts of the
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failure event and resulting repair activity, or do not allow the user to trace back to actual failure
events. Every effort is made in this analysis to use the highest quality data source available for
each active component type and failure mode.

A potential disadvantage of using industry-wide data is that a source may provide failure rates
that are not realistic because the source environment, either physical or operational, may not
correlate to the facility modeled. Part of the PCSA active component reliability analysis effort,
therefore, is to evaluate the similarity between the YMP operating environment and that
represented in each data source to ensure data appropriateness. The evaluation process is
described in Section C1.2.

Given the fact that the YMP is a relatively unique facility (although portions are similar to the
spent fuel handling and storage areas of commercial nuclear plants), the data development
perspective is to collect as much relevant failure estimate information as possible to cover the
spectrum of equipment operational experience. It is reasonable to expect that the YMP
equipment would fall within this spectrum (Section 3.2.1). The scope of the sources selected for
this data set is therefore deliberately broad to take advantage of the combined experience of
many facilities, not a single plant. It is then intended to provide a combined estimate that reflects
as best as possible the uncertainty ranges of the individual estimates. This ensures that the data
are not skewed towards the possibly atypical behavior of one particular plant, industry or
operating environment. The combinatorial process, utilizing Bayes’ theorem, is discussed in the
following subsection.

Among the active components whose reliability is quantified with industry-wide data are the
200-ton cranes, jib cranes, waste package maneuvering cranes and the spent fuel transfer
machine (SFTM). The SFTM is not used in the IHF; however it is being discussed in this
section for completeness. The rationale for using such data for these estimates is that a
significant amount of crane experience exists within the commercial nuclear power industry and
other applications and that this experience can be used to bound the anticipated crane
performance at YMP. Furthermore, the repository is expected to have training for crane
operators and maintenance programs similar to those of nuclear power plants. Crane and SFTM
handling incidents that result in a drop are included in the drop probability regardless of cause;
they may be caused by equipment failures (including failures in the yokes and grapples), human
error, or some combination of the two.

Every attempt was made to find more than one data source for each component type and failure
mode combination (TYP-FM), although multiple sources are not always available for a specific
piece of equipment. When data was extracted from several sources, it was combined using
Bayesian estimation (as described further below), and compared by plotting the individual and
combined distributions. However, the comparison process often resulted in one source being
selected as most representative of the TYP-FM. Ultimately, 53 percent of the TYP-FMs are
quantified with one data source, 8 percent with two data sources, 8 percent with three data
sources, and 31 percent with four or more data sources.
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6.3.1.2 Application of Bayes’ Theorem to PCSA Database

The application of industry-wide data sources introduces uncertainty in the input parameters used
in basic events and, ultimately, the quantification of probabilities of event sequences.
Uncertainty is a probabilistic concept that is inversely proportional to the amount of knowledge,
with less knowledge implying more uncertainty. Bayes’ theorem is a common method of
mathematically expressing a decrease in uncertainty gained by an increase in knowledge (for
example, knowledge about failure frequency gained by in-field experience).

There are several approaches for applying Bayes’ theorem to data management and combining
data sources, as described in Handbook of Parameter Estimation for Probabilistic Risk
Assessment, NUREG/CR-6823 (Ref. 2.2.10). For the PCSA, the method known as “parametric
empirical Bayes” is primarily used. This permits a variety of different sources to be statistically
combined and compared, whether the inputs are expressed as the number of failures and
exposure time or demands, or as means and lognormal error factors.

A typical application of Bayes' theorem is illustrated as follows. A failure rate for a given
component is needed for a fault tree, e.g., a fan motor in the HVAC system. There is no absolute
value for the failure rate, but there are several data sources for the same kind of fan and/or
similar fans that may exhibit considerable variability for many reasons. Applying any or all of
the available data to the YMP introduces uncertainty in the analysis of the reliability of the
HVAC system. Bayes' theorem provides a mechanism for systematically treating the uncertainty
and applying available data sources using the following steps:

1. Initially, estimate the failure rate to be within some range with a probability
distribution. This is termed the “prior” probability of having a certain value of the
failure rate that expresses the state of knowledge before any new information is
applied.

2. Characterize the test information, or evidence, in the form of a likelihood function that
expresses the probability of observing the number of failures in the given number of
trials if the failure rate is a certain value. The evidence comprises observations or test
results on the number of failure events that occur over a certain exposure, operational,
or test duration.

3. Update the probability distribution for the failure rate based on the new body of
evidence.

The likelihood function is defined by the analyst in accordance with the kind of evidence. For
time-based failure data, a Poisson model is used for the likelihood function. For demand-based
failure data, a binomial model is used. The mathematical expression for applying Bayes'
theorem to data analysis is described in Attachment C, Section C2.

For the analysis presented herein, MathCad is used to calculate the population-variability (prior)
distributions of active components. As described in Attachment C, Section C2.1, the method of
“The Combined Use of Data and Expert Estimates in Population Variability Analysis”
(Ref. 2.2.49, pp. 311-321) is used as the basis example for the combinations performed. In this
method, the population-variability distribution of the failure rate is approximated by a lognormal
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distribution whose unknown parameters, v and 7, respectively the mean and standard deviation
of the associated normal distribution, are determined. Calculating v and 7 involves calculating
the likelihood function associated with the reliability information in each data source. For a data
source providing a failure rate point estimate, the likelihood function is a lognormal distribution,
function of the failure rate x, and characterized by its median value and associated error factor.
For a data source providing exposure data (given in the form of a number » of recorded failures
over an exposure time ), the likelihood function is a Poisson distribution, expressing the
probability that » failures are observed when the expected number of failures is x times 7.

The maximum likelihood method is used to calculate v and 7z This involves maximizing the
likelihood function for the entire set of data sources. This likelihood function is the product of
the individual likelihood function for each data source because the data sources are independent
from each other. It is equivalent and computationally convenient to find the maximum
likelihood estimators for v and 7 by using the sum of the log-likelihood (logarithm of the
likelihood) of each data source. As a result, the likelihood functions from the individual data
sources and a population-variability probability density function for the combination are
produced and plotted for comparison, as in the example shown as Figure 6.3-1.
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1x104
1x103
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Probability Density Function

Failure Rate (per Hour)

Source: Attachment C, Figure C2.1-1

Figure 6.3-1. Likelihood Functions from Data Sources (Dashed Lines) and Population-Variability
Probability Density Function (Solid Line)

If only a single data source is considered applicable to a given TYP-FM combination and if the
data source provides a mean and an error factor for the component reliability parameter, the
probability distribution is modeled in SAPHIRE as a lognormal distribution with that mean and
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that error factor. However, if the data source does not readily provide a probability distribution,
but instead exposure data, (i.e., a number of recorded failures over an exposure time for failure
rates or over a number of demands for failure probabilities), the probability distribution for the
reliability parameter is developed through a Bayesian update using Jeffrey’s noninformative
prior distribution (i.e., gamma for time-related failure modes and beta for demand based failure
modes).

Example implementations of the methods used for these cases are provided in Attachment C.
6.3.1.3 Common-Cause Failure Data

Dependent failures are modeled in event tree and fault tree logic models. When possible,
potential dependent failures are modeled explicitly via the logic models. For example, failure of
the HVAC system is explicitly dependent upon failure in the electrical supply system that is
modeled in the fault trees. Similarly, the effects of erroneous calibration or other human failure
events can be explicitly included in the system fault tree models and the basic event probabilities
considered during the HRA. Otherwise, potential dependencies known as CCFs are included in
fault tree logic, but their probabilities are quantified by an implicit, parametric method.
Therefore, another subtask of the active component reliability data analysis is to estimate
common-cause failure probabilities.

Surveys of failure events in the nuclear industry have led to several parameter models. Of these,
three are most commonly used: the Beta Factor method (Ref. 2.2.44), the Multiple Greek Letter
method (Ref. 2.2.53), which is an extension of the Beta Factor method, and the Alpha Factor
method (Ref. 2.2.54). In a parametric model, the probability of two or more components failing
by a CCF is estimated by use of the equations provided in Section 4.3.3.3.

For the PCSA, common-cause failure rates or probabilities are estimated using the alpha factor
method (Ref. 2.2.54) because it is a method that includes a self-consistent means for
development of uncertainties.

The data analysis reported in ANUREG/CR-5485 (Ref. 2.2.54) consisted of:

1. Identifying the number of redundant components in each subsystem being reported,
(e.g., two, three, or four (termed the CCF group size)).

2. Partitioning the total number of reported failure events for a given component into the
number of components that failed together, (i.e., one component at a time, two
components at a time, and so on up to failure of all components in a given CCF

group).

3. Calculating the alpha factor for a given component type to provide a basis for
estimating the probability of CCFs involving two, three, etc., or all components. (See
equation in Attachment C, Section C3).

4. Performing statistical analysis and curve fitting to define the mean and uncertainty
range for alpha factors for various CCF group sizes up to eight.
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The data analysis also produces prior distributions for the alpha factors. The results are the mean
alpha factors and uncertainty bounds, reported in NUREG/CR-5485 (Ref. 2.2.54, Table 5-11)
and reproduced in Attachment C, Table C3-1.

These alpha-factors values are used for failure-on-demand events (e.g., pump failure to start) and
by using the alpha factor divided by two for failure-to-operate events (e.g., pump fails to run).
For example, for a 2-out-of-2 failure on demand event, the mean alpha factor of 0.047 (shown in
the far right column of Table C3-1 associated with o) was multiplied by the mean failure
probability for the appropriate component type and failure mode (from Table C4-1) to yield the
common cause failure probability.

6.3.1.4 Input To SAPHIRE Models

Since the primary active component reliability data task objective is to support the quantification
of fault tree models developed in SAPHIRE by the system analysts, the output data has to
conform to the format appropriate for input to the SAPHIRE code.

SAPHIRE provides template data to the fault tree models in the form of three input comma
delimited files:

e BEA — attributes to assign information to the proper SAPHIRE fields
e BED - descriptions of the component type name and failure mode
e BEI - information on the failure rate or probability estimates and distributions used.

Demonstration files for the BEA, BED, and .BEI template data files provided with SAPHIRE
were originally used to construct the PCSA template data files to ensure the proper formatting of
the data for use by the fault tree models. In general, the BEA file provides attribute designators
for the code to implement such that the template data is properly assigned to the appropriate
fields in SAPHIRE. The .BED file allows description information to be entered and linked to the
template data name or designator (which in the PCSA case was the TYP-FM coding). Examples
of descriptions used for the PCSA template data were, clutch failed to operate, relay spurious
operation, position sensor fails on demand, and wire rope breaks. The .BEI file contains the
actual active component reliability parameters, namely the mean value and uncertainty
parameter, either the lognormal error factor, or the shape parameter of the Beta or Gamma
distributions.

Geometric means of the input parameters from the data sources are initially used as screening
values for each TYP-FM and are entered into the .BEI file, along with a default Error Factor of
10. Once the Bayesian combination process is completed for all 275 TYP-FM combinations,
mean and uncertainty parameter information are entered into the .BEI files, and tested in
SAPHIRE before being distributed to the systems analysts.

The template data is utilized by the fault tree models by being imported into SAPHIRE using the
MAR-D portion of the SAPHIRE code, then by using the modify event feature to link the
template data to each basic event in the fault tree. This permits each active component of the
same type and failure mode to utilize the same failure estimate and uncertainty information,
based on the results of the data investigation and Bayesian combination process.
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Attachment C, Section C4, presents a more thorough discussion of the active component
reliability data development process, as well as a table of the template data that is imported into
SAPHIRE.

6.3.1.5 Summary of Active Component Reliability Data in IHF Analysis

Table 6.3-1 summarizes the active component reliability data used in each basic event of the IHF
models. Development of this table is discussed in detail in Attachment C, Section C4. Mission
times are discussed in Section 6.2.

Table 6.3-1. Active Component Reliability Data Summary
Basic Event Mean Mission
Mean Failure Time
Basic Event Name Basic Event Description Probability® Rate® (Hours)
51A-#H#7S0133#2S-SPO Limit Switch Failure Spurious 1.28E-06 1.28E-06
Operation
51A-CR---IEL001--IEL-FOD Interlock A from Slide Gate Fails 2.75E-05
51A-CR---IELOOA--IEL-FOD Interlock A from Slide Gate Fails 2.75E-05
51A-CR---IELOOB--IEL-FOD Interlock B from Slide Gate Fails 2.75E-05
51A-CR---IELCCF--IEL-CCF Common Cause Failure of 1.29E-06 1.29E-06 1
Interlocks from Slide Gate
51A-CR---PLC001--PLC-SPO Inadvertent Signal Sent Due to 3.65E-07 3.65E-07 1
PLC Failure
51A-CR-IEL001-IEL-FOD Interlock B from Slide Gate Fails 2.75E-05
51A-CR-IEL002-IEL-FOD Interlock B from Slide Gate Fails 2.75E-05
51A-CR-IELCCF-IEL-FOD Common Cause Failure of 1.29E-06
Interlocks from Slide Gate
51A-CR-PLC001-PLC-SPO Inadvertent Signal Sent due to 3.65E-07 3.65E-07
PLC Failure
51A-CRN-BRIDGMTR-MOE-FSO Motor (Electric) Fails to Shut Off 1.35E-08 1.35E-08 1
51A-CRN-BRIDGMTR-MOE-SPO Crane Bridge Motor (Electric) 6.74E-07 6.74E-07
Spurious Operations
51A-CRN-HSTTRLMO-MOE-FSO Crane Hoist Motor (Electric) Fails 1.35E-08 1.35E-08
to Shut Off
51A-CRN-PLC0101--PLC-SPO Crane Bridge Motor PLC 3.65E-07 3.65E-07
Spurious Operation
51A-CRN3-2-BLOCK-CRN-TBK 300-Ton Crane 2-Block Drop 4 41E-07
51A-CRN3-2BLKDON-CRN-TBK 300-Ton Crane 2-Block Crane 4 41E-07
Drop on
51A-CRN3-DROPHLW-CRN-DRP 300-Ton Crane - Drop of HLW 3.21E-05
51A-CRN3-DROPNVL-CRN-DRP 300-Ton Crane - Drop of Naval 3.21E-05
Cask
51A-CRN3-DROPON--CRN-DRP 300-Ton Crane Drop 3.21E-05

138

March 2008




Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Table 6.3-1. Active Component Reliability Data Summary (Continued)

Basic Event Mean Mission
Mean Failure Time
Basic Event Name Basic Event Description Probability® Rate® (Hours)
51A-CTM4##210133-ALM-SPO CTM Bell.Grap 4. 74E-07 4. 74E-07
51A-CTM-4###ZE0133-ECP-FOH CTM Bell 1.43E-05 1.79E-06 8
51A-CTM4#210133-ALM-SPO Bell Grapple Alarm/Annunciator 4 74E-07 4. 74E-07 1
Spurious Operation
51A-CTM4###7S50133-#2S-SPO CTM Bell 1.28E-06 1.28E-06
51A-CTM-#Z2SH0112-1ZS-FOH CTM Shield Skirt Position Switch 5.78E-05 7.23E-06 8
0112 Fails
51A-CTM#Z2SH0112-ZS-FOH Shield Skirt Position Switch Fails 5.78E-05 7.23E-06 8
51A-CTM--121122-ZS--CCF CCF CTM Upper Limit Postion 1.38E-05 1
Switches
51A-CTM--330121--ZS--FOD CTM Hoist First Upper Limit 2.93E-04
Switch 0121 Failure on Demand
51A-CTM--330122--ZS--FOD CTM Final Hoist Upper Limit 2.93E-04
Switch 0122 Failure Demand
51A-CTM--CBL0001-CBL-FOD CTM Hoist Wire Rope Breaks 2.00E-06
51A-CTM--CBL0O001-WNE-BRK Wire Rope Breaks 2.00E-06
51A-CTM--CBL0002-CBL-FOD CTM Hoist Wire Rope Breaks 2.00E-06
51A-CTM--CBL0002-WNE-BRK Wire Rope Breaks 2.00E-06
51A-CTM--CBL0102-WNE-CCF CCF CTM Hoist Wire ropes 9.40E-08 9.40E-08
51A-CTM--DRTRN-CT-FOD CTM Drive Train Protection and 4.00E-06
Fail Detection Controller Failure
51A-CTM--DRUM001-DM-FOD Hoisting Drum Structural Failure 4.00E-08
51A-CTM--DRUMBRK-BRP-FOD CTM Drum Brake (Pneumatic) 5.02E-05
Failure on Demand
51A-CTM--DRUMBRK-BRP-FOH CTM Drum Brake (Pneumatic) 2.01E-04 8.38E-06 24
Failure to Hold
51A-CTM-EQL-SHV-BLK-FOD Equalizer Sheaves Structural 1.15E-06
Failure
51A-CTM--GRAPPLE-GPL-FOD Grapple Failure on Demand 1.15E-06
51A-CTM--HOISTMT-MOE-FTR CTM Hoist Motor (Electric) Fails 6.50E-06 6.50E-06
to Run
51A-CTM--HOLDBRK-BRK-FOD Brake Failure on Demand 1.46E-06
51A-CTM--HOLDBRK-BRK-FOH CTM Holding Brake (Electric) 3.52E-05 4.40E-06 8
Fails to Hold
51A-CTM--IMEC125-IEL-FOD CTM Hoist Motor Control 2.75E-05
Interlock Fails on Demand

139

March 2008




Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Table 6.3-1. Active Component Reliability Data Summary (Continued)

Basic Event Mean Mission
Mean Failure Time
Basic Event Name Basic Event Description Probability® Rate® (Hours)
51A-CTM--LOWERBL-BLK-FOD CTM Lower Sheaves Structural 1.15E-06
Failure
51A-CTM--MISSPOOL-DM-MSP CTM Miss-Spool Event 6.86E-07 6.86E-07
51A-CTM--OVERSP--ZS-FOD CTM Hoist Motor Speed Limit 2.93E-04
Switch Failure on Demand
51A-CTM--OVERSP--ZS-FOD Hoist Motor Speed Limit Switch 2.93E-04
Fails
51A-CTM--PORTGT1-MOE-SPO Spurious Port Gate 1 Motor 6.74E-07 6.74E-07
Operation
51A-CTM-PORTGT1-PLC-SPO Programmable Logic Controller 3.65E-07 3.65E-07 1
Spurious Operation
51A-CTM--PORTGT2-MOE-SPO Spurious Port Gate 2 Motor 6.74E-07 6.74E-07
Operation
51A-CTM-PORTGT2-PLC-SPO Programmable Logic Controller 3.65E-07 3.65E-07 1
Spurious Operation
51A-CTM--TROLLY-MOE-SPO Trolley Motor Spurious Operation 6.74E-07 6.74E-07
51A-CTM--UPPERBL-BLK-FOD Upper Sheaves Structural Failure 1.15E-06
51A-CTM--WT0125-SRP-FOD Pressure Sensor Fails on 3.99E-03
Demand
51A-CTM-WTSW125-ZS--FOD Load Cell Limit Switch Fails 2.93E-04 360
51A-CTM--YS01129-Z5-FOD CTM Drum Brake control circuit 2.93E-04
Limit Switch 1129 Failure
51A-CTM-Z8H0111-ZS--SPO Grapple Engaged Limit Switch 1.28E-06 1.28E-06 1
Spurious Operation
51A-CTM-ASD0122#-CTL-FOD CTM Hoist Adjustable Speed 2.03E-03
Drive Controller Fails
51A-CTM-BIDGMTR-#TL-FOH CTM Bridge Motor Torque Limiter 2.86E-02 8.05E-05 360
Failure
51A-CTM-BRDGPSTN-PLC-SPO Programmable Logic Controller 3.65E-07 3.65E-07 1
Spurious Operation
51A-CTM-BREDGMTR--PR-FOH Bridge Passive Restraints (end 1.95E-06 4.45E-10 4380
stops) Fail
51A-CTM-BRIDGETR-#PR-FOH Passive Restraint (Bumper) 1.95E-06 4.45E-10 4380
Failure
51A-CTM-BRIDGETR-MOE-FSO Motor (Electric) Fails to Shut Off 1.35E-08 1.35E-08 1
51A-CTM-BRIDGMTR-IEL-FOD CTM Shield Skirt-Bridge Motor 2.74E-05
Interlock Failure
51A-CTM-BRIDGMTS-MOE-SPO CTM Bridge Motor (Electric) 6.74E-08 6.74E-07 0.1
Spurious Operation - Shear
51A-CTM-BRIDTR-CT-FOD CTM Bridge Motor Controller 4.00E-06
Failure
51A-CTM-DRTRN-CT-FOD CTM Dirive Train Protection and 4.00E-06
Fail Detection Controller Failure
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Table 6.3-1. Active Component Reliability Data Summary (Continued)

Basic Event Mean Mission
Mean Failure Time
Basic Event Name Basic Event Description Probability® Rate® (Hours)

51A-CTM-DRUMBRK-BRP-FOD CTM Drum Brake (Pneumatic) 5.02E-05
Fails on Demand

51A-CTM-HC0104##-HC-FOD Handheld Radio Remote 1.74E-03
Controller Failure to Stop (on
Demand)

51A-CTM-HOISTMT-MOE-FTR CTM Hoist Motor (Electric) Fails 6.50E-06 6.50E-06
to Run

51A-CTM-HOISTMTR-MOE-FSO CTM Hoist Motor (Electric) Fails 1.35E-08 1.35E-08 1
to Shut Off

51A-CTM-HSTTRLLS-MOE-SPO CTM Hoist Trolley Motor 6.74E-08 6.74E-07 0.1
(Electric) Spurious Operation m-
shear

51A-CTM-HSTTRLLY-#TL-FOH CTM Hoist Motor Torque Limiter 2.86E-02 8.05E-05 360
Failure

51A-CTM-HSTTRLLY-IEL-FOD CTM Shield Skirt Hoist Trolley 2.74E-05
Motor Interlock Failure

51A-CTM-HSTTRLLY-MOE-SPO Hoist Trolley Motor (Electric) 6.74E-07 6.74E-07
Spurious Operations

51A-CTM-IMEC125-IEL-FOD CTM Hoist Motor Controller 2.75E-05
Interlock Fails on Demand

51A-CTM-OPSENSOR-SRX-FOH Canister Above CTM Slide Gate 4.70E-06 4.70E-06 1
Optical Sensor Fails

51A-CTM-PLC0101-PLC-SPO CTM Bridge Motor PLC Spurious 3.65E-07 3.65E-07
Operation

51A-CTM-PLC01018-PLC-SPO CTM Bridge Motor PLC Spurious 3.65E-08 3.65E-07 0.1
Operation - Shear

51A-CTM-PLC01021-PLC-SPO CTM Shield Bell Trolley PLC 3.65E-07 3.65E-07
Spurious Operations

51A-CTM-PLC01028-PLC-SPO CTM Shield Bell Trolley PLC 3.65E-08 3.65E-07 0.1
Spurious Operation - Shear

51A-CTM-PLC0103-PLC-SPO CTM Hoist Trolley PLC Spurious 3.65E-07 3.65E-07
Operation

51A-CTM-PLC0103S-PLC-SPO CTM Hoist Trolley PLC Spurious 3.65E-08 3.65E-07 0.1
Operation - Shear

51A-CTM-SBELTRLS-MOE-SPO CTM Shield Bell Trolley Motor 6.74E-08 6.74E-07 0.1
(Electric) Spurious Operation -
Shear

51A-CTM-SBELTRLY-#TL-FOH CTM Shield Bell Motor Torque 2.86E-02 8.05E-05 360
Limiter Failure

51A-CTM-SBELTRLY-IEL-FOD CTM Shield Bell Trolley Interlock 2.74E-05
Failure

51A-CTM-SBELTRLY-MOE-SPO CTM Shield Bell Trolley Motor 6.74E-07 6.74E-07
(Electric) Spurious Operations

51A-CTM-SKRTCTCT-SRP-FOD CTM Skirt Floor Contact Sensors 3.99E-03
Fail

51A-CTM-SLIDEGT-MOE-SPO CTM Slide Gate Motor (Electric) 6.74E-07 6.74E-07
Spurious Operation
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Table 6.3-1. Active Component Reliability Data Summary (Continued)

Basic Event Mean Mission
Mean Failure Time
Basic Event Name Basic Event Description Probability® Rate® (Hours)
51A-CTM-SLIDEGT-PLC-SPO CTM Slide Gate PLC Spurious 3.65E-07 3.65E-07
Operation
51A-CTM-SLIDEGT1-IEL-FOD CTM Slide Gate Interlock Fails 2.75E-05
51A-CTM-SLIDGT2-SRX-FOD CTM Slide Gate Position Sensor 1.10E-03
Fails on Demand
51A-CTM-TROLLEYT-MOE-FSO Trolley Motor (Electric) Fails to 1.08E-07 1.35E-08 8
Shut Off
51A-CTM-TROLLYTR--PR-FOH CTM Trolley End Run Stops 1.95E-06 4.45E-10 4380
Failure
51A-CTM-TROLT1-HC-FOD Controller Failure to Stop (on 1.74E-03
Demand)
51A-CTM-WT0125-SRP-FOD CTM Load Cell Pressure Sensor 3.99E-03
Fails on Demand
51A-CTM-WTSW125-ZS-FOD CTM Load Cell Limit Switch 2.93E-04
Failure on Demand
51A-CTM-YS01129-ZS-FOD CTM Drum Brake Controller 2.93E-04
Circuit Limit Switch 1129 Fails
51A-CTM-ZSL0111-ZS--SPO Grapple Disengaged Limit Switch 1.28E-06 1.28E-06 1
Spurious Operation
51A-CTT-CT001---CT-SPO On-Board Controller Initiates 2.27E-05 2.27E-05
Spurious Signal
51A-CTT--DSWO00--ESC-CCF Common Cause Failure of 1.18E-05
Deadman Switches
51A-CTT--DSWO001--ESC-FOD Deadman Switch #1 Fails Closed 2.50E-04
51A-CTT--DSW002--ESC-FOD Deadman Switch #2 Fails Closed 2.50E-04
51A-CTT--HC001---HC--SPO Handheld Controller Initiates 5.23E-07 5.23E-07
Spurious Signal
51A-CTT-HC021---HC-FOD Remote Controller Transmits 1.74E-03
Wrong Instruction
51A-CTT-8V601--SV-FOD Main Air Supply Valve Fails on 6.28E-04
Demand
51A-CTT-8V602---SV--FOD Solenoid Valve Fails to Close 6.28E-04
51A-CTT-Z8301---ZS--FOD Pin Limit Switch #1 Fails 2.93E-04
51A-CTT--Z8302---ZS--FOD Pin Limit Switch #2 Fails 2.93E-04
51A-CTT-FWDREVM1-SV-FOH Failure of Supplv Valve Providing 4 .87E-05 4.87E-05
Forward/Reverse to Motor 1
51A-CTT-FWDREVM2-SV-FOH Failure of Supply Valve Providing 4 .87E-05 4.87E-05
Forward/Reverse to Motor 2
51A-CTT-PIN-LIMIT-CCF Common Cause Failure of Limit 1.38E-05
Switches
51A-CTT-8V301---SV--SPO Air Supply Solenoid Valve 4.09E-07 4.09E-07
Spurious Operations
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Table 6.3-1. Active Component Reliability Data Summary (Continued)

Basic Event Mean Mission
Mean Failure Time
Basic Event Name Basic Event Description Probability® Rate® (Hours)
51A-CTT-SV401-SV-FOH Failure of Air Supply Solenoid 4.87E-05 4.87E-05
Valve for Air Bags
51A-CTT-SVROTM1-SV-FOH Failure of Supply Valve Providing 4.87E-05 4 87E-05
Rotation to Motor 1
51A-CTT-SVROTM2-SV-FOH Failure of Supply Valve Providing 4.87E-05 4 87E-05
Rotation to Motor 2
51A-FL---SC001--SC—-FOH Forklift Speed Control Fails 1.28E-04 1.28E-04
51A-PMRC-DERAIL-DER-FOM Derailment of a Railcar per Mile 1.18E-05 1.18E-05
51A-PORTSLIDEGTE-IEL-FOD Port Slide Gate Interlock Fails 2.75E-05
51A-PWRPRTGATINT-IEL-FOD Power to WPTT Interruption 2.75E-05
Interlock Fails
51A-RC—BRP001-BRP-FOD SPMRC Brake Failure 5.02E-05
51A-RHS-2BLKDON-CRW-TBK RHS (Non-SFP) Crane Two 4.49E-05
Block Drop
51A-RHSCRN-DRPON-CRW-DRP | RHS (Non-SFP) Crane Drop 1.05E-04
51A-SD—PLC001--PLC-SPO Spurious Signal from PLC Closes 3.65E-07 3.65E-07
Door
51A-SD-—--SRU001--SRU-FOH Ultrasonic Obstruction Sensor 2.08E-02 9.62E-05 438
Fails
51A-SD-—--TLOOO---TL--CCF Common Cause Failure of Over 6.80E-04 3.78E-06
Torque Sensors
51A-SD—TL001--TL-FOH Motor #1 Over Torque Sensor 1.44E-02 8.05E-05
Fails
51A-SD—TL002--TL-FOH Motor #2 Over Torque Sensor 1.44E-02 8.05E-05
Fails
51A-SGBYPASSRSTR-IEL-FOD Failure of Interlock Bypass to 2.75E-05
Reset
51A-SLDGATE-IEL-FOD Slide gate Interlock Fails 2.75E-05
51A-SPMRC-BRK000-BRP-FOD Pneumatic Brakes on SPMRC 5.02E-05
Fail on Demand
51A-SPMRC-BRP000-BRP-FOD SPMRC Fails to Stop on Loss of 5.02E-05
Power
51A-SPMRC-CBP001-CBP-OPC Power Cable to SPMRC - Open 9.13E-08 9.13E-08
Circuit
51A-SPMRC-CBP001-CBP-SHC SPMRC Power Cable Short 1.88E-08 1.88E-08
Circuit
51A-SPMRC-CPL0O0-CPL-FOH SPMRC Automatic Coupler 1.91E-06 1.91E-06
System Fails
51A-SPMRC-CT000--CT--FOD SPMRC Primary Stop Switch 4.00E-06
Fails
51A-SPMRC-CT001--CT-SPO Controller Spurious Operation 2.27E-05 2.27E-05
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Table 6.3-1. Active Component Reliability Data Summary (Continued)

Basic Event Mean Mission
Mean Failure Time
Basic Event Name Basic Event Description Probability® Rate® (Hours)

51A-SPMRC-CT001-CT-FOD On-Board Controller Fails to 4.00E-06
Respond

51A-SPMRC-CT002—-CT--FOH Pendant Direction Controller 6.88E-05 6.88E-05
Fails

51A-SPMRC-DERAIL-DER-FOM Derailment of SPMRC per Mile 1.18E-05 1.18E-05

51A-SPMRC-G6500--G65-FOH SPMRC Speed Control (Speed 1.16E-05 1.16E-05
Limiter) Fails

51A-SPMRC-HC001--HC--SPO Spurious Command from 5.23E-07 5.23E-07
Pendant Controller

51A-SPMRC-HC001-HC--FOD Pendant Control Transmits 1.74E-03
Wrong Signal

51A-SPMRC-IEL0O11-IEL-FOD Failure of Mobile Platform Anti- 2.75E-05
Collision Interlock

51A-SPMRC-MOE000-MOE-FSO SPMRC Lock Mode State Fails 1.35E-08 1.35E-08
on Loss of Power

51A-SPMRC-SC021--SC—-FOH Speed Controller on SPMRC 1.28E-04 1.28E-04
Pendant Fails

51A-SPMRC-SEL021-SEL-FOH Speed Selector on SPMRC 2.84E-06 2.84E-06
Pendant Fails

51A-SPMRC-STU01-STU--FOH SPMRC End Stop Fails 2.11E-04 4.81E-08 4380

51A-SPMTT-BRKO0O00-BRP-FOD Pneumatic Brakes on SPMTT 5.02E-05
Fail on Demand

51A-SPMTT-BRP001-BRP-FOD Brake (Pneumatic) Failure on 5.02E-05
Demand

51A-SPMTT-CBP002-CBP-OPC SPMTT Power Cable - Open 9.13E-08 9.13E-08
Circuit

51A-SPMTT-CBP003-CBP-SHC SPMTT Power Cable Short 1.88E-08 1.88E-08
Circuit

51A-SPMTT-CPLO0-CPL-FOH SPMTT Automatic Coupler 1.91E-06 1.91E-06
System Fails

51A-SPMTT-CT000--CT--FOD SPMTT Primary Stop Switch 4.00E-06
Fails

51A-SPMTT-CT001--CT--FOD On-Board Controller Fails to 4.00E-06
Respond

51A-SPMTT-CT002--CT--FOH Pendant Direction Controller 6.88E-05 6.88E-05
Fails

51A-SPMTT-G65000-G65-FOH SPMTT Speed Control (Speed 1.16E-05 1.16E-05
Limiter) Fails

51A-SPMTT-HC001-HC-FOD SPMTT Emergency Stop Switch 1.74E-03
Fails

51A-SPMTT-HC002--HC--SPO Handheld Radio Remote 5.23E-07 5.23E-07
Controller Spurious Operation

51A-SPMTT-IEL102-IEL-FOD Failure of Mobile Platform Anti- 2.75E-05

Collision Interlock
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Basic Event Mean Mission
Mean Failure Time
Basic Event Name Basic Event Description Probability® Rate® (Hours)

51A-SPMTT-MOEQ00-MOE-FSO SPMTT Lock Mode State Fails 1.35E-08 1.35E-08
on Loss of Power

51A-SPMTT-SC001--CT--SPO On-Board Controller Initiates 2.27E-05 2.27E-05
Spurious Signal

51A-SPMTT-SC021--SC—-FOH Speed Controller on SPMTT 1.28E-04 1.28E-04
Pendant Fails

51A-SPMTT-SEL021-SEL-FOH Speed Selector on SPMTT 2.84E-06 2.84E-06
Pendant Fails

51A-SPMTT-STU001-STU-FOH SPMTT End Stops Fail 2.11E-04 4.81E-08 4380

51A-WPCRN-DROPON-CRW-DRP | WP (Non-SFP) Crane Drop 1.05E-04

51A-WPCRN-DROPON-CRW-TBK | WP (Non-SFP) Crane Two Block 4.49E-05
Drop

51A-WPTT--CAM001-CAM-FOH Locking Mechanism at Unload 9.84E-07 9.84E-07
Area Fails

51A-WPTT--HC001-HC-SPO Remote Control Sends Spurious 5.23E-07 5.23E-07
Signal

51A-WPTT--ZS002--ZS--FOD Gate Closed Limit Switch #2 2.93E-04
Spurious Transfer

51A-WPTT-BRK401--BRK-FOD Brakes Fail 1.46E-06

51A-WPTT-DERAIL-DER-FOM Probability of WPTT Derailment 1.18E-05 1.18E-05
per Mile

51A-WPTT-GRB001-GRB-SHH Gearbox Shaft/Coupling #1 2.40E-06 2.40E-06
Shears

51A-WPTT-GRB001-GRB-STH Gearbox #1 Internals Teeth on 7.86E-08 7.86E-08
Gears Strip

51A-WPTT-GRB002-GRB-STH Gearbox #2 Internals Teeth on 7.86E-08 7.86E-08
Gears Strip

51A-WPTT-GRB0021-GRB-SHH Gearbox Shaft/Coupling #2 2.40E-06 2.40E-06
Shears

51A-WPTT-GRBGRS-GRB-CCF Common Cause Failure of 3.69E-09 3.69E-09
Gearbox

51A-WPTT-GRBSHFT-GRB-CCF Common Cause Failure of 1.13E-07 1.13E-07
Gearbox Shaft

51A-WPTT-HC002—--HC--SPO Remote Controller Sends 5.23E-07 5.23E-07
Spurious Signal

51A-WPTT-HC002-HC-SPO Remote Controller Sends 5.23E-07 5.23E-07

51A-WPTT-IELO0O1-IEL-FOD Carriage Motor Interlock Fails 2.75E-05

51A-WPTT-IEL001-IEL-FOD Docking Interlock Fails Closed 2.75E-05

51A-WPTT-IELO03--IEL-FOD WPTT Dock Interlock Fails to 2.75E-05
Halt Power to Trolley

51A-WPTT-IELDK3-IEL-FOD WPTT Dock Interlock Fails 2.75E-05
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Table 6.3-1. Active Component Reliability Data Summary (Continued)

Basic Event Mean Mission
Mean Failure Time
Basic Event Name Basic Event Description Probability® Rate® (Hours)
51A-WPTT-IMEOO1--IEL-FOD Interlock Failure on Demand 2.75E-05
51A-WPTT-MOEO01-MOE-FSO Motor (Electric) Fails to Shut Off 1.35E-08 1.35E-08
51A-WPTT-PLC001-PLC-SPO On-Board PLC Initiated Spurious 3.65E-07 3.65E-07
Signal
51A-WPTT-PLC002--PLC-SPO On-Board PLC Initiates Spurious 3.65E-07 3.65E-07
Signal
51A-WPTT-PLC002-PLC-SPO On-Board PLC Initiates Spurious 3.65E-07 3.65E-07
Signal
51A-WPTT-ZS000—--ZS—-CCF CCF of Gate Closed Limit 1.38E-05 5.08E-05
Switches
51A-WPTT-ZS001---ZS--FOD Gate Closed Limit Switch #1 2.93E-04
Spurious Transfer

NOTE: 2Although the values in this table are shown to a precision of three significant figures, the values are not
known to that level of precision. The values in Attachment C may show fewer significant figures. Such
differences are not meaningful in the context of this analysis because the corresponding uncertainties
(which are accounted for in the analysis) are much greater than differences due to rounding.

CCF = common-cause failure; CTM = canister transfer machine; CTT = cask transfer trolley;
PLC = programmable logic controller; SPMRC = site prime mover railcar;, SPMTT = site prime mover truck
trailer; WP = waste package; WPTT = waste package transfer trolley.

Source: Attachment C, Section C4.
6.3.2 Passive Equipment Failure Analysis

Many event sequences described in Section 6.1 include pivotal events that arise from loss of
integrity of a passive component, namely one of the aging overpacks, casks or canisters that
contain a radioactive waste form. Such pivotal events involve (1) loss of containment of
radioactive material that prevents airborne releases, or (2) LOS effectiveness. Both types of
pivotal events may be caused by failure modes caused by either physical impact to the container
or by thermal energy transferred to the container. This section summarizes the results of the
passive failure analyses detailed in Attachment D that yield the conditional probability of loss of
containment or LOS.

6.3.2.1 Probability of Loss of Containment

An overview of the methodology for calculating the probability of failure of passive equipment
from drops and impact loads is presented in Section 4.3.2.2. Consistent with HLWRS-ISG-02
(Ref. 2.2.66), the methodology essentially consists of comparing the demand upon the equipment
to a capacity curve. The probability of failure is the value of the cumulative distribution function
for the capacity curve, evaluated at the demand upon the container. More detailed discussion is
presented in Attachment D. The methodology is applicable to all of the waste containers that are
processed in the IHF, as well as the other waste handling facilities, including transportation
casks, aging overpacks, canisters, and waste packages. As described in Section 4.3.2.2, the
condition at which a passive component is said to fail depends on the success criteria defined for
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the component in the IHF operation. Passive components are designed and manufactured to
ensure that the success criteria are met in normal operating conditions and with margin, to ensure
that the success criteria are also met when subjected to abnormal loads, including those expected
during event sequences. The design margins, and in some cases materials, may be dictated by
the code and standards applied to a given type of container as characterized by tensile elongation
data for impact loads and by strength at temperature data for thermal loads.

As described in Sections 4.3.2.2, the probability of a passive failure is often based on
consideration of variability (uncertainty) in the applied load, and the variability in the strength
(resistance) of the component. The variability in the physical and thermal loading are derived
from the systems analysis that defines the probabilities of physical or thermal loads of a given
magnitude in a given event sequence. Such conditions arise from the event sequence analysis
described in Section 6.1. For the analysis of the effects of fires on waste containers, probability
distributions were developed for both the load and the response. For drops and impacts,
however, an event sequence analysis is used to define conservative conditions for the load rather
than deal with possible ranges of such parameters. Therefore, the calculation of the probability
of passive failures is based on the response or resistance characteristics of the container, given
the conservative point value for the drop or impact load defined for a given event sequence.

6.3.2.2 Probability of Loss of Containment for Drops and Impacts

Calculation of the probability of failure of the various containers is based on the variability in the
strength (resistance) of the container as derived from tests, and structural analysis, including
Finite Element Analysis (FEA), detailed in Attachment D. Loss of containment probability
analysis has been evaluated for various containers by three different studies:

o Seismic and Structural Container Analyses for the PCSA (Ref. 2.2.33)

o Structural Analysis Results of the DOFE SNF Canisters Subjected to the 23-Foot Vertical
Repository Drop Event to Support Probabilistic Risk Evaluations (Ref. 2.2.74) and
Qualitative Analysis of the Standardized DOE SNF Canister Specific Canister-on-
Canister Drop Events at the Repository (Ref. 2.2.75)

o Naval Long Waste Package Vertical Impact on Emplacement Pallet and Invert
(Ref. 2.2.24)

All analyses have applied essentially the same methods that include FEA to determine the
structural response of the various canisters and cask to drop and impact loads, developing a
fragility function for the material used in the respective container, and using the calculated
responses (strains) with the fragility function to derive the probability of container breach.

Failure probabilities for drops are summarized in Table 6.3-2. Conservative representations of
drop height are defined for operations with each type of container. Sometimes more than one
conservative drop height is specified, for example, for normal height crane lifts and two-block
height crane lifts. Lawrence Livermore National Laboratory (LLNL), in Seismic and Structural
Container Analyses for the PCSA (Ref. 2.2.33), predicts failure probabilities of <1.0 x 10 for
most of the events. If a probability for the event sequence is less than 1 x 10®, additional

2
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conservatism is incorporated in the PCSA by using a failure probability of 1.0 x 107, which are
termed “LLNL, adjusted”. This additional conservatism is added to account for, (a) future
evolutions of cask and canister designs, and (b) uncertainties, such as undetected material
defects, undetected manufacturing deviations, and undetected damage associated with handling
before the container reaches the repository, which are not included in the tensile elongation data.

LLNL calculates strains by modeling representative casks, aging overpacks, and canisters that
encompass TAD canisters, naval SNF canisters, and a variety of DPCs, with the dynamic finite
element code, LS-DYNA (Ref 2.2.33). For these canisters, only flat-bottom drops are
considered to model transfers by a CTM. This is justified because these canisters fit sufficiently
tightly within the CTM and potential dropped canisters are guided by the canister guide sleeve of
the CTM to remain in a vertical position.

INL calculates strains by modeling DOE SNF and multicanister overpacks (MCOs) with the
static finite element code, ABAQUS (Ref. 2.2.74). The structural evaluations consider off-
vertical drops. In such cases, the deformation of the waste form container is greater on the
localized area of impact than for a flat-bottom drop, and will therefore yield a greater calculated
probability of breach.

Probability of failure is conservatively calculated by comparing the peak strain to the cumulative
distribution function derived from tensile strain to failure test data reported in the literature,
representing aleatory uncertainty associated with the variability of test coupon data.

BSC FEA analysis used LS-DYNA to model waste packages. Alloy 22 is not stainless steel but
a nickel-based alloy, and the most appropriate metric for probability of failure is a cumulative
distribution function over extended toughness fraction (See Attachment D, Section D1.4). The
probability of failure is calculated using the peak toughness index over the waste package, which
is a measure of the alloy’s energy absorbing capability.

Table 6.3-2. Failure Probabilities Due to Drops and Other Impacts

Drop Height Failure
ltem (ft) Probability Note
Representative 13.1 1.0 x 10° 4 degrees from vertical, LLNL, adjusted, no
Transportation Cask® impact limiters
6 1.0 x 10° 3 degrees from horizontal, LLNL, adjusted, no
impact limiters
Slapdown 1.0 x 10° LLNL, adjusted, no impact limiters
after 13.1 foot
drop
Representative Canister 40 1.0 x 10° Flat bottomed, LLNL, adjusted
DOE Standardized 24” 23 1.0 x 10° 3 degrees from vertical, LLNL, adjusted using
or 18” canister INL FEA
Aging overpack 3 1.0 x 10° LLNL, adjusted
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Table 6.3-2. Failure Probabilities Due to Drops and Other Impacts (Continued)

Drop Height Failure
Item (ft) Probability Note
MCO canister 23 9.0 x 102 LLNL using INL FEA
HLW canister 30 6.7 x 102 Bayesian interpretation of test data, O failures in
13 drops.
Waste package 2 1.0 x 10° BSC FEA, horizontal orientation

NOTE: ®Also applies to shielded transfer casks used on-site and horizontal transfer casks. Although shielded
transfer casks are not used in the IHF, they are mentioned here for completeness.

BSC = Bechtel SAIC; DOE = U.S. Department of Energy; FEA=finite element analysis; HLW = high-
level radioactive waste; INL = |daho National Laboratory; LLNL = Lawrence Livermore National
Laboratory; MCO = multicanister overpack.

Source: Attachment D.

Containment failure probabilities due to other physical impact conditions, equivalent to drops,
are listed in Table 6.3-3. These probabilities were modeled by Lawrence Livermore National
Laboratory (LLNL) using FEA, resulting in prediction of failure probabilities of <1.0 x 107,
Again, additional conservatism was incorporated by using a failure probability of 1.0 x 107 for
most of these events. The side impact event was not adjusted from the LLNL result of
< 1.0 x 10® because of the very low velocities involved. A comparison of the strains induced by
drops and slow speed, side impacts indicates significantly lower strains for the low velocity
mpacts.

Table 6.3-3. Failure Probabilities Due to Miscellaneous Events

Event Failure Probability Note
Derail 1.0 x 10° LLNL, adjusted, analogous to 6, 3° from
horizontal
Rollover 1.0 x 10° LLNL, adjusted, analogous to 6, 3° from
horizontal
Drop on 1.0 x 10° LLNL, adjusted
10-metric-ton load onto container
Tipover 1.0 x 10° LLNL, adjusted, analogous to
13.1-foot drop plus slap-down
Side Impact from collision with 1.0 x 10°® Or value for low speed collision, whichever is
rigid surface greater (Table 6.3-4)
Crane moving 20 ft/min
Tilt down/Up 1.0 x 10° LLNL, adjusted; Bounded by slap-down

NOTE: LLNL = Lawrence Livermore National Laboratory.

Source: Attachment D.
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Table 6.3-4 shows failure probabilities for various collision events for various containers as a
function of impact speed. For each of the events, the collision speed, whether in mph or ft/min is
converted to feet per second (fps), then to an equivalent drop height in feet. The drop heights are
very small compared with the drop heights for the modeled situations summarized in
Table 6.3-2. The damage to a container, expressed in terms of strain, is roughly proportional to
the impact energy, which is proportional to the drop height, as is readily seen from the following:

Energy from drop = 78" IS and 17 Mg therefore, S 1 where s = strain, F* = local
force on container from drop, m = mass of container, # = drop height, and g =
acceleration of gravity.

For drop heights other than those for the modeled situations presented in Table 6.3-2, failure
probabilities can be estimated by shifting capacity curve to match the conservative failure
probabilities listed in Table 6.3-2. The mean failure drop height, H,, is found so that the
probability of failure, P, is the value listed in Table 6.3-2 for the drop height, H; listed in
Table 6.3-2.

H % 1
X H -
P = |N®dt and x = —"— Eq. 17
L 0 o (Eq. 17)
where

P = probability of failure for container dropped from height H,
N(t) = standard normal distribution with mean of zero and standard deviation of one
t = variable of integration
H; = modeled drop height for which the failure probability has been determined
H, = median failure drop height of the failure drop height distribution such that the

failure probability at the modeled drop height, Hy, is P
COV = coefficient of variation = ratio of standard deviation to mean for strain capacity
distribution, applied here to stress capacity or true tensile strength

The probabilities of failure for the collision cases listed in Table 6.3-4 are then determined using
the above formula with H,, determined above and with H, being the drop height corresponding to
the collision speed as listed in Table 6.3-4.
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Table 6.3-4. Failure Probabilities for Collision Events and Two-Blocking

Failure Probabilities for Various Container Types
High-Level
Collision Velocity | Equivalent Drop | Transporta- Waste Radioactive
Scenario Speed (ft/sec)’ Height (ft)b tion Cask Canister Package MCO Waste
Railcar 2.5 mph 3.67 0.21 1.00E-08
Truck 2.5 mph 3.67 0.21 1.00E-08
Trailer
Crane 20 ft/min 0.33 0.00 1.00E-08
CTT) 10 ft/min 0.17 0.00 1.00E-08 1.00E-08 1.00E-08 1.00E-08
ST 2.5 mph 3.67 0.21 1.00E-08 1.00E-08 1.00E-08
WPTT 40 ft/min 0.67 0.01 1.00E-08 1.00E-08 1.00E-08 1.00E-08
WP (in TEV) 1.7 mph 2.49 0.10 1.00E-08
CTM 20 f/min 0.33 0.00 1.00E-08 1.00E-08 1.00E-08
CTM 40 ft/min 0.67 0.01 1.00E-08 1.00E-08 1.00E-08
Two 1.00E-04 1.00E-05 NA 1.00E+00 1.40E-02
blocking
NOTE: ®Conversions from the previous column are as follows. From speed in mph: multiply by 5280/3600. From speed in ft / min:

divide by 60.
®Calculated as follows based on constant acceleration due to gravity (no air resistance): v/ (2x3221f/ secz), where v is the
velocity in ft / sec. Values are rounded to the nearest hundredth of a ft. Values that are less than 0.005 are reported as 0.00.

CTM = canister transfer machine; CTT = cask transfer trolley, DPC = dual-purpose canister; DSTD = DOE standardized

canister; ft = feet; MCO = multicanister overpack; min = minutes; mph = miles per hour; sec = seconds; ST = site transporter;
TAD = transportation, aging, and disposal; TEV = transport and emplacement vehicle; WP =waste package;
WPTT = waste package transfer trolley.

Source: Original
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Two-blocking events are also included in Table 6.3-4. The failure probabilities of these events
are shown in PEFA Chart.xls included in Attachment H. The CTM, which lifts canisters, is
designed such that drops from the height associated with two-blocking is very low probability
and no higher than drops from normal operation. The design features that ensure this are: slide
gate closure and two levels of shut-off switches as the normal lift height is exceeded, and a
tension relief device that prevents over tensioning of hoist cables if the two-block height is
reached. Transportation cask handling cranes are also equipped with the shut-off switches and
the tension relief device.

During transfers by a CTM, a shear-type structural challenge was identified as a potential
initiating event. This challenge would be caused, for example, by the spurious movement of the
CTT from which the canister is extracted, before the canister is fully lifted inside the CTM shield
bell. A bounding value of one is selected for the probability of failure of the transferred canister.
This conservative estimate is used because the structural response of a canister to a shear-type
structural challenge was not evaluated and its probability cannot be inferred from comparison
with other structural challenges to the canister.

6.3.2.3 Probability of Canister Failure in a Fire

In addition to passive equipment failures as a result of structural loads, passive failures can also
occur as a result of thermal loads such as exposure to fires or abnormal environmental
conditions, for example, loss of HVAC cooling. The PCSA evaluates the probability of loss of
containment (breach) due to a fire for several types of waste form containers, including:
transportation casks containing uncanistered SNF assemblies, and canisters representative of
TAD canisters, DPCs, DOE standardized canisters, HLW canisters, and naval SNF canisters.

The methods for analyzing thermally-induced passive failures are discussed in Section 4.3.2.2,
and detailed in Attachment D. In summary, the probability of failure of a waste form container
as a result of a fire is evaluated by comparing the demand upon a container (which represents the
thermal challenges of the fire vis-a-vis the container), with the capacity of the container (which
represents the variability in the temperature at which failure would occur). The demand upon the
container is controlled by the fire duration and temperature, because these factors control the
amount of energy that the fire could transfer to the container.

In response to a fire, the temperature of the waste form container under consideration increases
as a function of the fire duration. The maximum temperature is calculated using a heat transfer
model that is simplified to allow a probabilistic analysis to be performed that accounts for the
variability of key parameters. The model accounts for radiative and convective heat transfers
from the fire, and also for the decay heat from the waste form inside a container. The
temperature evolution of waste form containers is analyzed based on a simplified geometry with
a wall thickness that, for the range of waste form containers of interest in the PCSA, is
representative or conservatively small. Specifically, two characteristic canister wall thicknesses
are modeled: 0.5 inches, characteristic of some DPCs and other waste canisters; and 1.0 inches,
the anticipated thickness of TAD canisters and naval SNF canisters. The wall thickness of a
container is an important parameter that governs both container heating and failure. Other
conservative and realistic modeling approaches are introduced in the heat transfer model, as
appropriate. For example, fires are conservatively considered to engulf a container, regardless of
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the fact that a fire at the GROA may simply be in the same room as a container. When handled,
TAD canisters, DPCs, DOE standardized canisters, HLW canisters and naval SNF canisters are
enclosed within another SSC, for example a transportation cask, the shielded bell of a canister
transfer machine, or a waste package. Therefore, a fire does not directly impinge on such
canisters. In contrast, the external surface of a transportation cask containing uncanistered SNF
may be impinged upon directly by the flames of the fire.

Accounting for the uncertainty of the key parameters of the fires and the heat transfer model, the
maximum temperature reached by a waste form container, which represents the demand upon the
container due to a fire, is characterized with a probability distribution. The distribution is
obtained through Monte Carlo simulations.

To determine whether the temperature reached by a waste form container is sufficient to cause
the container to fail, the fire fragility distribution curve for the container is evaluated. In the
PCSA, this curve is expressed as the probability of breach of the container as a function of its
temperature. Two failure modes are considered for a container that is subjected to a thermal
challenge: creep-induced failure and limit load failure. Creep, the plastic deformation that takes
place when a material is held at high temperature for an extended period under tensile load, is
possible for long duration fires. Limit load failure corresponds to situations where the load
exerted on a material exceeds its structural strength. This failure mode is considered because the
strength of a container decreases as its temperature increases. The variability of the key
parameters that can lead to a creep-induced failure or limit load failure is modeled with
probability distributions. Monte Carlo simulations are then carried out to produce the fire
fragility distribution curve for a container.

The probability of a waste form container losing its containment function as a result of a fire is
calculated by running numerous Monte Carlo simulations in which the temperature reached by
the container, sampled from the probability distribution representing the demand on the
container, is compared to the sampled failure temperature from the fragility curve. The model
counts the simulation result as a failure if the container temperature exceeds the failure
temperature.  Statistics based upon the number of recorded failures in the total number of
simulations are used to estimate the mean of the canister failure probability.

Table 6.3-5 shows the calculated mean and standard deviation for the failure probability of a

canister in the following configurations: a canister in a transportation cask, a canister in a waste
package, and a canister in a shielded bell.
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Table 6.3-5.  Summary of Canister Failure Probabilities in Fire

Failure Probability
Configurationb Mean Standard Deviation
Thin-Walled® Canister in a Waste Package® 3.2x10* 5.7 x 10°
Thick-Walled® Canister in a Waste Package® 1.0 x 10" 22x10°
Thin-Walled Canister in a Transport Cask 2.0x10° 1.4 x10°
Thick-Walled Canister in a Transport Cask 1.0 x 10° 1.0 x 10°
Thin-Walled Canister in a Shielded Bell 1.4 x 10% 26x10°
Thick-Walled Canister in a Shielded Bell 9.0 x 107 1.7 x 10°

NOTE: # Forthe 5-DHLW/DOE SNF waste package, this probability applies only to the DOE HLW canisters
located on the periphery of the waste package. The DOE SNF canister in the center of the waste
package would not be heated appreciably by the fire.

b Configurations not addressed in this table include, any canister in a waste package that is inside the
transfer trolley or any canister inside an aging overpack. Inthese configurations, the canister is
protected from the fire by the massive steel transfer trolley or by the massive concrete overpack.
Calculations have shown that the temperatures experienced by the canister in these configurations
are well below the canister failure temperature, so that failures for these configurations can be
screened. For conservatism, a screening conditional probability of 1 x 10 could be used.

° Naval SNF canisters are modeled as thick walled. Other canisters are modeled as thin walled.
Source: Attachment D, Table D2.1-9.

Note that, no failure probability is provided for a bare canister configuration. The reason for this
is that the canister is outside of a waste package or cask for only a short time. During that time,
the canister is usually inside the shielded bell of the CTM. The preceding analysis addressed a
fire outside the shielded bell. When in that configuration, the canister is shielded from the direct
effects of the fire. A fire inside the shielded bell, which could directly heat the canister, is not
considered to be credible for two reasons. First, the hydraulic fluid used in the CTM equipment
is non-flammable and no other combustible material could be present inside the bell to cause a
fire. Second, the annular gap between the canister and the bell is only 3 inches wide, but is
approximately 27 feet long. Given this configuration, it is unlikely that there would be sufficient
inflow of air to sustain a large fire that could heat a significant portion of the canister wall.
There may be sufficient inflow to sustain a localized fire, but such a fire would not be adequate
to heat the canister to failure.

The canister is also outside of a cask, waste package, or shielded bell as it is being moved from a
cask into the shielded bell or from the shielded bell into a waste package. The time during which
the canister would be in this configuration is extremely short, a matter of minutes, so a fire that
occurs during this time is extremely unlikely. In addition, because the gap between the top of the
waste package or cask and ceiling of the transfer cell is generally much shorter than the height of
the canister, only a small portion of the canister surface would be exposed to the fire.
Furthermore, this exposure would only be for the short time that the canister was in motion.

For these reasons, failure of a bare canister was not considered credible and is not explicitly
modeled in the PCSA.
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6.3.2.4 Probability of Loss of Containment from Heatup

In addition to fire-related passive failures, the PCSA considered other passive equipment failures
due to abnormal thermal conditions. The thermal event of greatest concern for the surface
facilities is loss of HVAC cooling. If HVAC cooling is lost, the ambient temperature in the
facility will increase. This increase is particularly significant for relatively small enclosures such
as the transfer cells.

A series of bounding calculations was performed to determine the maximum temperature that
could be reached by a canister following loss of HVAC cooling (Ref. 2.2.14). These
calculations consider a range of decay heat levels and a loss of cooling for 30 days, which is
consistent with NUREG-0800, Section 9.2.5 (Ref. 2.2.63). These analyses indicate that the
canister temperature would remain well below 500°C (773°K) (Ref. 2.2.14). This temperature is
hundreds of degrees below the temperature at which the canister would fail (Figure D.2.1-4
Attachment D). For that reason, canister failure due to a loss of HVAC is physically unrealizable
and considered Beyond Category 2.

6.3.2.5 Probability of Loss/Degradation of Shielding

Loss or degradation of shielding probabilities are summarized in Table 6.3-6. Some of the items
discussed in this section and listed in Table 6.3-6 are not used in the IHF, such as aging
overpacks and the TEV. However, there are included in this section at drop heights
characteristic of crane operations. .

Shielding of a waste form that is being transported inside the GROA is accomplished by several
types of shielded containers, including: transportation casks, shielded transfer casks, aging
overpacks, shielded components of a WPTT, and shielded components of a TEV. In addition to
a shielding function, sealed transportation casks and shielded transfer casks exert a containment
function.

A structural challenge may cause shielding degradation or shielding loss. Loss of shielding
occurs when an SSC fails in a manner that leaves a direct path for radiation to stream, for
example as a result of a breach. Degradation of shielding occurs when a shielding SSC is not
breached but its shielding function is degraded. In the PCSA, a shielding degradation probability
after a structural challenge is derived for those transportation casks that employ lead for
shielding. Finite-element analyses on the behavior of transportation casks subjected to impacts
associated with various collision speeds, reported in Reexamination of Spent Fuel Shipment Risk
Estimates. NUREG/CR-6672 (Ref. 2.2.76), indicate that lead slumping after an end impact
could result in a reduction of shielding; transportation casks without lead are not susceptible to
such shielding degradation. This information is used in Attachment D to derive the shielding
degradation probability of a transportation cask at drop heights characteristic of crane operations.
The distribution is developed for impacts on surfaces made of concrete, which compare to the
surfaces onto which drops could occur at the GROA. No impact limiter is relied upon to limit
the severity of the impact. Conservatively, the distribution is applied to transportation casks and
also shielded transfer casks, regardless of whether or not they use lead for shielding. Thus, for
containers that have both a containment and shielding function, the PCSA considers a probability
of containment failure (which is considered to result in a concurrent loss of shielding), and also a
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probability of shielding degradation (which is associated with those structural challenges that are
not sufficiently severe to cause loss of containment). Table 6.3-6 displays the resulting shielding
degradation probabilities for transportation casks and shielded transfer casks after a structural
challenge. Given that there is significant conservatism in the calculation of strain and the
uncertainty associated with the fragility (strength), the resulting estimates include uncertainties
and are considered conservative

Shielding loss is considered to potentially affect an aging overpack subjected to a structural
challenge, if the waste form container inside does not breach. Given the robustness of aging
overpacks, a shielding loss after a 3-ft drop height is calculated to have a probability of 5 x 10
per aging overpack impact, based upon the judgment that this probability may be conservatively
related to but lower than the probability of breach of an unprotected waste form container inside
the aging overpack (Attachment D). If the structural challenge is sufficiently severe to cause the
loss of containment (breach) of the waste form container inside the aging overpack, the loss of
the aging overpack shielding function is considered guaranteed to occur.

A CTM provides shielding with the shield bell, shield skirt, and associated slide gates. Also, the
CTM is surrounded by shield walls and doors, which are unaffected by structural challenges
resulting from internal random initiating events. Therefore, such challenges leave the shielding
function intact.

A WPTT that transports a waste package is considered to lose its shielding function, if it is
subjected to a structural challenge sufficiently severe to cause the breach of the sealed waste
package, or, when the waste package is not yet sealed, the breach of one or more canisters inside,
as applicable. Conversely, if the structural challenge is not sufficiently severe to cause a canister
or waste package breach, it is postulated to also be sufficiently mild to leave the shielding
function intact.

Similarly, a TEV that transports a waste package is considered to lose its shielding function if it
is subjected to a structural challenge sufficiently severe to cause the breach of the waste package.
Conversely, if the structural challenge is not sufficiently severe to cause a waste package breach,
it is postulated to also be sufficiently mild to leave the shielding function of the TEV intact

The PCSA treats the degradation or loss of shielding of an SSC due to a thermal challenge as
described in the following paragraphs:

If the thermal challenge causes the loss of containment (breach) of a canister, the SSC that
provides shielding and in which the canister is enclosed is considered to have lost its shielding
capability. The SSC providing shielding may be, for example, a WPTT. A transportation cask
containing uncanistered SNF is also considered to have lost its shielding if it has lost its
containment function.

If the thermal challenge is not sufficiently severe to cause a loss of containment function, it is
nevertheless postulated that it will cause shielding loss of the transportation cask, shielded
transfer cask, canister transfer machine, cask transfer trolley, waste package transfer trolley, or
TEV affected by the thermal challenge and in which the waste form container is enclosed. This
is because the neutron shield on these SSCs is made of a polymer which is not anticipated to
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withstand a fire without failing. Note, however, that the degradation of gamma shielding of most
SSCs is unlikely to be affected by a credible fire.

Although credible fires could result in the lead melting in a lead-sandwich transportation cask,
there is no way to displace the lead, unless the fire is accompanied by a puncture or rupture of
the outer steel wall of the cask. Preliminary calculations were unable to disprove the possibility
of hydraulic failure of the steel encasing due to the thermal expansion of molten lead, so loss of
gamma shielding for steel-lead-steel transportation casks engulfed in fire is postulated.
Conservatively, in the PCSA, transportation casks and shielded transfer casks subjected to a fire
are postulated to lose their shielding function with a probability of 1, regardless or whether or not
they use lead for shielding.

Aging overpacks made of concrete are not anticipated to lose their shielding function as a
consequence of a fire because the type of concrete used for aging overpacks is not sensitive to
spallation. In addition, it is likely that the aging overpacks will have an outer steel liner. For
these reasons, a loss of aging overpack shielding in a fire has been screened from consideration
in the PCSA.

Table 6.3-6. Probabilities of Degradation or Loss of Shielding

Event Probability Note

Sealed transportation cask and 1x10° Attachment D.
shielded transfer casks shielding
degradation after structural challenge

Aging overpack shielding loss after 5x10° Attachment D.

structural challenge

CTM shielding loss after structural 0 Structural challenges sufficiently mild to leave the

challenge shielding function intact

WPTT shielding loss after structural 0 Structural challenges sufficiently mild to leave the

challenge shielding function intact

TEV shielding loss (shield end) 0 Structural challenges sufficiently mild to leave the
shielding function intact

Shielding loss by fire for waste forms 1 Lead shielding could potentially expand and degrade.

in transportation casks or shielded This probability is conservatively applied to

transfer casks transportation casks and STCs that do not use lead for
shielding.

Shielding loss by fire for aging 0 Type of concrete used for aging overpacks is not

overpacks, CTM shield bell, and sensitive to spallation; Uranium used in CTM shield

WPTT shielding bell and WPTT shielding does not lose its shielding

function as a result of a fire.

NOTE: CTM = canister transfer machine; TEV = transport and emplacement vehicle; WPTT = waste package
transfer trolley.

Source: Attachment D, Table D3.4-1.
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6.3.2.6 Probability of Other Fire-Related Passive Failures

In addition to the canisters, other passive equipment could fail as a result of a fire. For the
PCSA, only failures that would result in a radionuclide release or radiation exposure are
considered.

6.3.2.7 Application to Event Sequence Models

Table 6.3-7 summarizes passive failure events needed for the event sequence modeling. The
values are either specifically developed in Attachment D, or are values from bounding events.
Probabilities for some other events were obtained by extrapolation from developed probabilities
as described in this section or in Attachment D. The derivation of all passive failure probabilities
is described in Attachment D and shown in PEFA Chart.xls included in Attachment H.

It should be noted that Table 6.3-7 addresses all passive event failures for the various waste form
configurations. Table 6.3-8 identifies the specific passive failure basic events used in event
sequence modeling and quantification for the IHF. The probability of each basic event is based
on one of the values presented in Tables 6.3-2 through 6.3-7.

6.3.3 Miscellaneous Data

Split fractions for specific fire scenarios are derived from the exposure frequencies detailed in
Section 6.5 and Attachment F. Table 6.3-9 identifies the frequency associated with a waste type
in a specific configuration and location with or without diesel fuel present.

Table 6.3-10 provides details on how specific residence time fractions were developed for the
IHF fire event sequence analysis. The formulas use the index notation in Table 6.3-9. For
example, index A1 represents the HLW waste package present in the Positioning/Closure Room
over the entire preclosure period. Index A2 represents a naval waste package present in the room
over the preclosure period.

Data that is not defined as Active Component Reliability Data (Section 6.3.1) or Passive
Equipment Failure Data (Section 6.3.2), but are used in the reliability analysis for this facility are
listed in the Table 6.3-11.
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Table 6.3-7. Summary of Passive Event Failure

Probabilities
Container
vertical drop Container Container 6-foot 2.5 mph
from normal 30-foot 45-foot Horizontal 2.5 mph Flat | Localized side 9 mph Flat 2.5 mph end- | 9 mph end- Slapdown
10 T dropped operating vertical vertical Drop, side impact/ impact/ side impact/ to-end to-end (bounds tip Thin-Walled® Thick-Walled*
on container height drop drop Rollover collision collision collision Collision Collision over) Canister Fire Canister Fire
Loss of Containment
Representative 1.0E-05 1.0E-05 1.0E-05 N/A 1.0E-05 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-05 2.0E-06 1.0E-06
Canister® or HLW
Canister in a
Transportation Cask®
Transportation Cask 1.0E-05 1.0E-05 1.0E-05 N/A 1.0E-05 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-05 5.0E-02" 6.0E-03°
with Bare Fuel
Bare Regresentative 1.0E-05 1.0E-05 1.0E-05 1.0E-05 N/A N/A N/A N/A N/A N/A 1.0E-05 N/A N/A
Canister” (except
DSTD)°
Any Waste Package® 1.0E-05 N/A N/A N/A 1.0E-05 1.0E-08 N/A 1.0E-08 1.0E-05 N/A No 3.0E-04 1.0E-04
challenge
Bare MCO N/A 1.0E-01 ~1 ~1 N/A N/A N/A N/A N/A N/A N/A N/A N/A
Bare DOE Standardized 1.0E-05 1.0E-05 1.0E-05 N/A N/A N/A N/A N/A 1.0E-05 1.0E-05 N/A N/A N/A
SNF Canister (DSTD)
Bare HLW Canister 3.0E-02° 3.0E-02 7.0E-02 ~1 N/A N/A N/A N/A N/A N/A N/A N/A N/A
Any Canisterin CTM N/A 1.0E-05 N/A N/A N/A 1.0E-08 N/A N/A N/A N/A N/A 1.0E-04 9.0E-05
Shield Bell®
Applicable 1.0E-05 1.0E-05 N/A N/A N/A 1.0E-08 1.0E-08 1.0E-08 N/A N/A 1.0E-05 1.0E-06 1.0E-06
Representative Canister
in Aging Overpack
Loss of Shielding
Any Transportation 1.0E-05 1.0E-05 1.0E-05 N/A 1.0E-05 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-08 1.0E-05 ~1 ~1
Cask®
Aging Overpack 1.0E-05 5.0E-06 N/A N/A N/A 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05 ~0 ~0
TEV, CTM, WPTT? No challenge No challenge N/A N/A No No challenge N/A No challenge No challenge No No ~0 ~0
challenge challenge challenge

NOTE: 'Truck cask
2 Rail cask

3 Represents passive event failure probabilities for a drop of a HLW canister onto another HLW canister.

*Naval SNF canisters are modeled as thick walled. Other canisters are modeled as thin walled.

®SNF Canister analyzed as representative of DOE Standardized SNF Canister (DSTD), DPC, naval, and TAD Canisters.
®Used in IHF event sequences.

mph = miles per hour; N/A = not applicable, no scenarios identified.

Source: Attachment D
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Table 6.3-8.

Passive Equipment Failure Basic Events used in IHF Event Sequence Analysis

Basic Event (BE) ID Basic Event Description BE Value Condition
51A-HLW-CAN-FAIL-2BLK Canister Fails from 2-Block Drop 1.00E+00 40-Foot Vertical Drop
51A-HLW-CAN-FAIL-COLL Canister fails from Low Speed Collision 1.000E-08 20 Feet per minute flat side impact/collision
51A-HLW-CAN-FAIL-DERAIL Canister Fails from Derailment 1.000E-05 2.5 mph end-to-end collision
51A-HLW-CAN-FAIL-DROP Canister Fails from Drop 3.000E-02 Canister drop normal height
51A-HLW-CAN-FAIL-DROPIN Canister fails from Drop inside CTM Bell 0.000E+00 Canister Drop from CTM Bell
51A-HLW-CAN-FAIL-DROPON Canister Fails from Object dropped on Canister 3.000E-02 Canister Drops on Canister
51A-HLW-CAN-FAIL-DRPONWP | Canister fails from Object dropped on WP 0.000E+00 Object Dropped on HLW Canister in WP
51A-HLW-CAN-FAIL-IMPACT Canister Failure from Impact 1.000E+00 HLW Canister Shear
51A-HLW-CAN-FAIL-IN-WP Canister Failure from Fire 3.000E-004 HLW in WP Fail from Fire
51A-HLW-CAN-FAIL-LID Canister Fails from Impact by Lid During Lid Removal 0.000E+00 10-Ton Drop On Canister in TC
51A-HLW-CAN-FAILS-CTM HLW Canister Failure in CTM 1.000E-04 Thin-walled canister fire
51A-HLW-CAN-FAIL-SIMP Canister Fails from Side impact from Shield Door 1.000E+00 Canister in TC; fails if TC fails
51A-HLW-CAN-FAIL-TILT Canister Fails from Pre-Tiltdown 1.000E-05 Tipover
51A-HLW-CANTC-FAIL-COLL Failure of HLW Canister in TC from Collision 1.000E-05 Canisterin TC : TC lid unbolted
51A-HLW-CANTC-FAIL-IMP Failure of HLW Canister in TC from Impact 1.000E-05 Canister in TC : TC lid unbolted
51A-HLW-CANWP-FAIL-COLL Canister in WP Fails from Collision 1.000E+00 Canister in WP; fails if WP fails
51A-HLW-CANWP-FAIL-DERAL Canister in WP Fails from Derailment 1.000E+00 Canister in WP; fails if WP fails
51A-HLW-CANWP-FAIL-TILT Canister in WP Fails from Tiltdown 1.000E+00 Canister in WP; fails if WP fails
51A-HLW-CONT-FAIL-IMP HLW Containment Fails from Impact with Shield Door 1.000E-08 Shield doors impact TC
51A-HLW-IMPACT-WP WP Fails from Impact 1.00E-08 Canister in WP; fails if WP fails
51A-HLW-SHIELD-FAIL-COLL WP Shield Fails from Low Speed Collision 0.000E+00 Loss of shielding-low speed collision;
shielding provide by WPTT

51A-HLW-SHIELD-FAIL-TILT WP Shielding fails from Pre-Tiltdown 0.000E+00 Loss of shielding-tipover; shielding provide
by WPTT

51A-HLW-SHLDWP-FAIL-COLL WP Shield Fails from Collision 0.000E+00 WP shielding failure; shielding provide by
WPTT

51A-HLW-SHLDWP-FAIL-TILT WP Shield Fails from Tiltdown 0.000E+00 WP shielding failure; shielding provide by
WPTT

51A-HLW-TCASK-FAIL-COLL HLW TC Failure in Low Speed Collision 1.000E-08 9 mph end-to-end collision; WP sealed

51A-HLW-TCASK-FAIL-DERAL HLW TC Failure in Derailment 1.000E-08 2.5 mph end-to-end collision;: WP sealed
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Table 6.3-8

. Passive Equipment Failure Basic Events used in IHF Event Sequence Analysis (Continued)

Basic Event (BE) ID Basic Event Description BE Value Condition
51A-HLW-TCASK-FAIL-ROLL HLW TC Failure in Rollover 1.000E-05 6 ft horizontal drop
51A-HLW-TC-FAIL-2BLK Failure of HLW TC from 2-Block Drop 1.000E-05 30 ft vertical drop
51A-HLW-TC-FAIL-DROP Failure of HLW TC from Drop 1.000E-05 15 ft vertical drop
51A-HLW-TC-FAIL-DROPON Failure of HLW Cask from Object Dropped on Cask 1.000E-05 10 ton drop on TC
51A-HLW-TC-FAIL-SIMP Failure of HLW Cask from Side Impact 1.000E-08 2.5 mph side impactto TC
51A-HLW-TC-FAIL-SPURMOV Failure of HLW Cask from Spurious Movement 1.000E-08 2.5 mph side impactto TC
51A-HLW-TC-FAIL-TIPOVER Failure of HLW Cask from Tipover 1.000E-05 TC tipover
51A-HLW-TC-TIPOVER HLW TC Tipover 1.000E-05 TC tipover
51A-HLW-WP-FAIL-COLLIDE WP Fails from Collision 1.000E-08 2.5 mph flat side collision of WPTT
51A-HLW-WP-FAIL-DERAIL WP Fails from Derailment 1.000E-05 2.5 mph end-to-end collision
51A-HLW-WP-FAILS-DROPON WP Fails from Object dropped on WP 1.000E-05 10-Ton drop on WP
51A-HLW-WP-FAIL-TILT WP Fails from Tiltdown 0.000E+00 WP in WPTT during Tiltdown
51A-HLW-WPSHLD-FAIL-DERL WP Shielding fails from WPTT Derailment 0.000E+00 WP shielding
51A-HLW-WPTT-IMPACT-TEV WP Fails from Impact 1.000E-005 Canister in WP; fails if WP fails
51A-NVL-CAN-FAIL-2BLK Canister Fails from 2-Block Drop 1.000E-05 40-foot vertical drop
51A-NVL-CAN-FAIL-COLL Canister Fails in Low Speed Collision 1.000E-08 2.5 mph flat side collisions; in CTM
51A-NVL-CAN-FAIL-DERAIL Canister fails from WPTT Derailment 1.000E-05 2.5 mph end-to-end collisions
51A-NVL-CAN-FAIL-DROP Canister Fails from Drop 1.000E-05 15-foot vertical drop
51A-NVL-CAN-FAIL-DROPIN Canister Fails from drop in CTM Bell 0.000E+00 Canister drops in CTM Bell
51A-NVL-CAN-FAIL-DROPON Failure of NVL Canister from Dropped Object 1.000E-05 10-Ton object drops on canister
51A-NVL-CAN-FAIL-DRPONWP Canister fails from Object Dropped on WP 1.000E-05 10-Ton object drops on canister
51A-NVL-CAN-FAIL-IMPACT Canister failure from Impact 1.000E+00 NVL canister in TC; fails if TC fails
51A-NVL-CAN-FAIL-IN-TC Failure of NVL Canisterin TC 1.000E+00 NVL canister in TC; fails if TC fails
51A-NVL-CAN-FAIL-SIMP Canister Fails from Side impact by Slide Gate 1.000E-08 Shear event
51A-NVL-CAN-FAIL-TILT Canister Fails During WPTT Pre-Tiltdown 1.000E-05 Canister tipover in unsealed WP
51A-NVL-CANTC-FAIL-COLL Failure of NVL Canister in TC from Collision 1.000E-05 Lid unbolted on TC; 2.5 mph collision
51A-NVL-CANTC-FAIL-IMP Failure of NVL Canister in TC from impact 1.000E-05 Lid unbolted on TC; 2.5 mph impact
51A-NVL-CANWP-FAIL-COLL Canister in WP Fails from Collision 1.000E+00 Canister fails if WP Fails
51A-NVL-CANWP-FAIL-DERAL Canister in WP Fails from Derailment 1.000E+00 Canister fails if WP Fails
51A-NVL-CANWP-FAIL-TILT Canister in WP Fails from Tiltdown 1.000E+00 Canister fails if WP Fails

SISATeUY U0NeZLI039R)) 20uanbag JuaAg

V00-000-00C00-00HI-VSd-V1¢

pue Aupiqerey ANioe,] sufpueH [enmy



91

800T YIeN

Table 6.3-8. Passive Equipment Failure Basic Events used in IHF Event Sequence Analysis (Continued)

Basic Event (BE) ID Basic Event Description BE Value Condition
51A-NVL-CONT-FAIL-IMP NVL Containment Fails from Impact into Shield Door 1.000E-08 2.5 mph side impact
51A-NVL-SHIELD-FAIL-COLL WPTT Shield Fails in Low Speed Collision 0.000E+00 2.5 mph collision—shield failure
51A-NVL-SHIELD-FAIL-DERL WPTT Shield Fails During Derailment 0.000E+00 WPTT shielding failure--derailment
51A-NVL-SHIELD-FAIL-TILT WPTT Shield Fails During pre-Tiltdown 0.000E+00 WPTT shielding failure—pretiltdown
51A-NVL-SHLDWP-FAIL-TILT WP Shield Fails from Tiltdown 0.000E+00 WP shielding failure--tiltdown
51A-NVL-TC-FAIL-2-BLOCK NVL Cask Fails from 2-Block Drop 1.000E-05 30-foot vertical drop
51A-NVL-TC-FAIL-COLLIDE NVL Cask Fails in Prime Mover Collision 1.000E-08 9 mph end-to-end collision
51A-NVL-TC-FAIL-DERAIL Failure of NVL Cask from Derailment 1.000E-08 9 mph side impact
51A-NVL-TC-FAIL-DROP Failure of NVL Cask from Dropping 1.000E-05 15-foot vertical drop
51A-NVL-TC-FAIL-DROPON Failure of NVL Cask from Object Dropped on Cask 1.000E-05 10-ton dropon TC
51A-NVL-TC-FAIL-OFFPMCOL NVL Cask Fails from Collision off of Prime Mover 1.000E-08 2.5 localized side impact
51A-NVL-TC-FAIL-SIMP Failure of NVL Cask from Side Impact 1.000E-08 2.5 mph flat side impact
51A-NVL-TC-FAIL-TIP Failure of NVL Cask from Tipover 1.000E-05 TC vertical tipover
51A-NVL-WP-FAIL-COLLIDE WP Fails from Collision 1.000E-05 2.5 mph end-to-end collision
51A-NVL-WP-FAIL-DERAIL WP Fails from Derailment 1.000E-05 2.5 mph end-to-end collision
51A-NVL-WP-FAIL-DROPON WP Fails from Object dropped on WP 1.000E-05 10-ton object dropped on WP
51A-NVL-WP-FAIL-TILT WP Fails from Tiltdown 0.000E+00 WP in WPTT tiltdown
51A-NVL-WPSHLD-FAIL-COLL WP Shield from Collision 0.000E+00 WP in WPTT shielding failure
51A-NVL-WPSHLD-FAIL-DERL WP Shield Fails from Derailment 0.000E+00 WP in WPTT shielding failure
51A-NVL-WPTT-COLLIDE-TEV WP failure due to Collision 1.000E-05 WPTT Collision with TEV
51A-WPSHIELD-FAIL-EXPORT WP Shield Fails During Export 0.000E+00 WP shielding failure
CTM-SHIELDING Shielding associated with CTM 0.000E+00 Canister shielding failure in CTM

Thermal PEFA
51A-HLW-CAN-CONT-PR-FIR Can Failure in WP in Positioning Room 3.000E-04 Thin wall canister
51A-HLW-CAN-CONT-CUR-FIR Fire Fails Can in TC 2.000E-08 Thin wall canister
51A-HLW-CAN-CONT-CTM-FIR Can Failure in CTM 1.000E-004 Thin wall canister
51A-HLW-CAN-CONT-LR-FIR Can Failure in WP in Loading Room 3.000E-04 Thin wall canister
51A-HLWCAN-WP-FAIL-FIRE HLW Canister in WP fails in Fire 3.000E-04 Thin wall canister
51A-HLWCAN-WPTT-FAIL-FIR HLW Canister in WPTT fails in Fire 3.000E-04 Thin wall canister
51A-NVL-CAN-CONT-CTM-FIR Canister Fails in Fire Involving CTM 9.000E-05 Thick wall canister
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Table 6.3-8. Passive Equipment Failure Basic Events used in IHF Event Sequence Analysis (Continued)

Basic Event (BE) ID Basic Event Description BE Value Condition
51A-NVL-CAN-CONT-CTM-FIR NVL Canister in CTM During Facility Fire 9.000E-05 Thick wall canister
51A-NVL-CAN-CONT-CUR-FIR Canister Failure Cask Unloading Room 1.000E-06 Thick wall canister
51A-NVL-CAN-CONT-CUR-FIR NVL Canister in Cask Unloading Room During Fire 1.000E-06 Thick wall canister
51A-NVL-CAN-CONT-LR-FIRE Canister Fails WP Loading Room 1.000E-04 Thick wall canister
51A-NVL-CAN-CONT-PR-FIRE Canister Fails WP Positioning Room 1.000E-04 Thick wall canister
51A-NVLCAN-FAILWP-LOR Canister Fails WP Loadout Room 1.000E-04 Thick wall canister
51A-NVLCAN-FAILWPTT-LOR Localized Fire Threatens WP in WPTT in Loadout 1.000E-04 Thick wall canister

Room
51A-NVL-CAN-FAIL-IN-WP Failure of NVL Canister in Waste Package 1.000E-04 Thick wall canister
51A-NVL-CAN-FAILS-CTM NVL Canister Failure in CTM 9.000E-05 Thick wall canister

NOTE: CTM = canister transfer machine; CTT = cask transfer trolley; DPC = dual-purpose canister; DSTD = DOE standardized canister; ft = feet; HLW =
high level radioactive waste; MCO = multicanister overpack; min = minutes; mph = miles per hour; NVL = naval; sec = seconds; ST = site

transporter; TAD = transportation, aging, and disposal; TC = transportation cask; TEV = transport and emplacement vehicle; WP =waste package;

WPTT = waste package transfer trolley.

Source: Original
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Table 6.3-9. Fire Analysis for Wastes Types in Specific Configuration

Container
Type or
Location HLW Naval Location
Index 1 2

Positioning/Closure Room (WPTT) A 3.8E-05 3.8E-05 WP
WPTT in Loadout Room B 4.9E-07 4.9E-07 WP
WP in TEV in Loadout Room C 8.8E-08 8.8E-08 WP
On CTT in Unloading Room D 2.2E-08 1.2E-08 TC
WPTT in Loading Room E 1.2E-05 3.5E-07 WP
Vestibule/Preparation Area w/SPM (Diesel 1.5E-07 2.3E-07 TC
Present) F
Preparation Area w/o SPM (No Diesel 9.3E-07 2.0E-06 TC
Present) G
On CTT in Preparation Area H 5.3E-07 1.3E-06 TC
In CTM in Transfer Room I 6.9E-08 8.1E-08 CT™M
Large Fire Threatens TC/NSNF w/SPM 3.7E-07 TC
Present (Diesel) J
Large Fire Threatens TC/NSNF w/o SPM 9.7E-06 TC
Present (No Diesel) K

2.0E-07 CT™M
Large Fire Threatens NSNF in CTM L
Large Fire Threatens NSNF in WP M 5.9E-05 WP
Large Fire Threatens TC/HLW w/SPM 2.5E-07 TC
Present (Diesel) N
Large Fire Threatens TC/HLW w/o SPM 5.1E-06 TC
Present (No Diesel) @)
Large Fire Threatens HLW in CTM P 1.6E-06 CTM
Large Fire Threatens HLW in WP Q 1.0E-04 WP

NOTE: CTM = canister transfer machine; CTT = cask transfer trolley; HLW = high level waste;
NSNF = naval spent nuclear fuel; SPM = site prime mover; TC = transportation cask;
TEV = transportation emplacement vehicle; WP = waste package; WPTT = waste package

transfer trolley.
Source: Table 6.5-4
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Table 6.3-10.  Split Fractions for Waste Types in Various Configurations
Naval-Localized Fires
Reference
Index for Resultant
Table 6.3-12 Basic Event Identifier Formula for Split Fraction Value

(1) 51A-NVL-SPMRC-

DIESEL [(F2)/(F2+G2+H2)] 6.5E-02
2) 51A-NVL-SPMRC-

WODIESEL [(G2+H2)/(F2+G2+H2)] 9.4E-01
3) 51A-PROB-NVLCAN-

WPTT-LOR [(B2)/(B2+C2)] 8.5E-01
4) 51A-PROB-NVLCAN-

WP-LOR [(C2)/(B2+C2)] 1.5E-01

Naval-Large Fire

(5) 51A-NVL-FREQ-

DIESEL [(J2)/(J2+K2+L2+M2)] 5.4-03
(6) 51A-NVL-FREQ-

NODIESEL [(K2)/(J2+K2+L2+M2)] 1.4E-01
(7) 51A-NVL-LARGE-FIRE-

CTM [(L2)/(J2+K2+L2+M2)] 2.9E-03
(8) 51A-NVL-FREQ-WP-

FAILS [(M2)/(J2+K2+L2+M2)] 8.5E-01

HLW-Localized Fire

) 51A-HLWSPMRC-

DIESEL [(FD/F1+G1+H1)] 9.6E-02
(10) 51A-HLWSPMRC-

NODIESEL [(G1+HD/(F1+G1+H1)] 9.0E-01
(11) 51A-PROB-HLWCAN-

WPTT-LOR [(B1)/(B1+C1)] 8.5E-01
(12) 51A-PROB-HLWCAN-

WP-LOR [(CH/B1+C1)] 1.5E-01

HLW-Large Fire

(13) 51A-HLW-FREQ-WITH

DIESEL [(NT)/(N1+O1+P1+Q1)] 2.3E-03
(14) 51A-HLW-FREQ-NO-

DIESEL (O1D)/(N1+O1+P1+Q1)] 4.7E-02
(15) 51A-HLW-LARGE-

FIRE-CTM [(P1)/(N1+O1+P1+Q1)] 1.5E-02
(16) 51A-HLW-FREQ-WP-

FAILS [(QN)/(N1+O1+P1+Q1)] 9.4E-01
(17) 51A-HLW-FREQ-

NODIESEL [(QN)/(N1+O1+P1+Q1)] 9.4E-01

NOTE: HLW = high-level waste
Source: Original
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Table 6.3-11.

Miscellaneous Data Used In the Reliability Analysis

Basic Event (BE) ID

Basic Event Description

BE Value

Bases

References

S51A#HLW-TC-LIFTS

Number of Crane Lifts of HLW TCs

1.00E+00

During preparation activities associated
with a HLW TC, there is one lift of a
heavy object such as a lift fixture over
the cask. Therefore, a value of 1 is
assigned to this basic event.

N/A

51A-%-HLW-ON-SPMRC

Percentage of Time HLW is Received on
SPMRC

1.67E-01

600 HLW TCs can be received by rail or
by truck. 100 HLW TCs with multiple
canisters will arrive by railcar and 500
TCs with single canisters will arrive by
truck trailer

000-PSA-MGRO-
01800-000-00A
(Ref. 2.2.26)

51A-%-HLW-ON-SPMTT

Percentage of Time HLW is Received on
SPMTT

8.33E-01

600 HLW TCs can be received by rail or
by truck. 100 HLW TCs with multiple
canisters will arrive by railcar and 500
TCs with single canisters will arrive by
truck trailer

000-PSA-MGRO-
01800-000-00A
(Ref. 2.2.26)

51A-CTMOBJLIFTNUMBER-
HLW

Number of Object Lifts

1.00E+00

During canister transfer from a HLW TC
to a WP, the CTM lifts a lid over the
cask. Therefore, a value of 1 is assigned
to this basic event.

N/A

51A-CTMOBJLIFTNUMBER-
NVL

Number of Objects Lifted

1.00E+00

During canister transfer from a Naval TC
to a WP, the CTM lifts a lid over the
cask. Therefore, a value of 1 is assigned
to this basic event.

N/A

51A-DOORFAIL-IMPACT

Shield Door Fails from Impact

0.00E+00

Failure of shield door can not occur as a
result of any collisions within the IHF.

N/A

51A-FIRE-SUPPRESSION

Inadvertent Fire Suppression Actuation

9.30E-07

Fire suppression system inadvertently
activates during normal IHF operations
(no fire)

Section 6.2.2.9

51A-LIFTS-PER-HLW-CAN

Number of Lifts per HLW Canister

1.00E+00

HLW is lifted out of a TC by the CTM and
placed in a WP.

N/A

51A-HLW-FAIL-CAN-DIESEL

Relative Frequency with Diesel Present

2.00E-06

Based on the fire frequency analysis, this
value represents the relative frequency
for a HLW Canister in the Cask Prep
Area with diesel present.

Section 6.5
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Table 6.3-11. Miscellaneous Data Used In the Reliability Analysis (Continued)

Basic Event (BE)ID Basic Event Description BE Value Bases References
51A-HLW-FREQ WITH DIESEL | Relative Frequency with Diesel Present 2.30E-03 Based on the fire frequency analysis, this | Table 6.3-10 (13)
value represents relative frequency an
HLW canister is possibly subjected to a
large facility fire with diesel present.
51A-HLW-FREQ-NO-DIESEL Relative Frequency with no Diesel 4.67E-02 Based on the fire frequency analysis, this | Table 6.3-10 (14)
Present value represents the relative frequency
an HLW canister is possibly subjected to
a large facility fire without diesel present.
51A-HLW-FREQ-WODIESEL Relative Frequency of WP in Large Fire 9.37E-01 Based on the fire frequency analysis, this | Table 6.3-10 (17)
without Diesel value represents the relative frequency a
WP is subject to a possible large facility
fire without diesel present.
51A-HLW-FREQ-WP-FAILS Relative Frequency of WP in Large Fire 9.37E-01 Based on the fire frequency analysis. Table 6.3-10 (16)
This value represents the fraction of time
an HLW WP is in the IHF.
51A-HLW-LARGE-FIRE-CTM Relative Frequency of Large Fire in CTM 1.45E-02 Based on fire frequency analysis. Large | Table 6.3-10 (15)
facility fire threatens HLW canister inside
the CTM.
51A-LIFTS-PER-NVL-CAN Number of Lifts per NVL Canister 1.00E+00 Naval canister is lifted out of a TC by the | N/A
CTM and placed directly into a WP.
51A-LOSS-OFFSITE-PWR Loss of offsite power 2.99E-03 Commercial power reliability requirement | N/A
51A-MODERATOR-ENTERS- Moderator Enters Canister in a Fire 1.00E+00 Water enters canister during facility fire— | Section 6.2.2.7
CAN conservative value assigned.
51A-OBJECTLIFTNUMBER Number of Object Lifts 1.00E+00 Number of crane lifts that could result in N/A
dropping objects on the transpiration
cask
51A-OIL-MODERATOR Oil Moderator Sources in IHF (Gearbox) 9.00E-05 Crane gearbox leaks oil during normal Section 6.2.2.7
IHF operations (no fire) that could
potentially create a moderator source.
51A-OTHER-WATER Water Moderator Sources Other Than 1.40E-03 Other water sources provide moderator Section 6.2.2.7
Firer Suppression for canisters such as water pipes or
valves in IHF leak.
51A-PROB-HLWCAN-WP-LOR Probability HLW Canister in WP in 1.51E-01 Based on fire frequency analysis. Fire Table 6.3-10 (12)

Loadout Room

threatens WP with HLW canister in
Loadout room.
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Table 6.3-11. Miscellaneous Data Used In the Reliability Analysis (Continued)

Basic Event (BE) ID

Basic Event Description

BE Value

Bases

References

51A-HLWSPMRC-DIESEL

Fire in Prep Area SPMRC with Diesel

9.61E-02

Based on the fire frequency analysis, this
value represents the failure of the HLW
canister in a Cask Prep Area fire when
diesel is present.

Table 6.3-10 (9)

51A-HLWSPMRC-WODIESEL

Fire in Prep Area SPMRC Without Diesel

9.04E-01

Based on the fire frequency analysis, this
value represents the failure of the HLW
canister in a Cask Prep Area fire when
no diesel is present on the SPMRC.

Table 6.3-10 (10)

51A-PROB-HLWCAN-WPTT-
LOR

Probability HLW Canister in WPTT in
Loadout Room

8.49E-01

Based on fire frequency analysis. Fire
threatens WPTT with HLW canister in
Loadout room

Table 6.3-10 (11)

51A-NVL-FREQ-DIESEL

Relative Frequency with Diesel Present

5.35E-03

Based on the fire frequency analysis.
Large facility fire when diesel is present
threatens naval cask inside the IHF.

Table 6.3-10 (5)

51A-NVL-FREQ-NO-DIESEL

Relative Frequency without Diesel
Present

1.39E-01

Based on the fire frequency analysis.
Large facility fire when no diesel is
present threatens naval cask inside the
IHF.

Table 6.3-10 (6)

51A-NVL-FREQ-WP-FAILS

Relative Frequency WP Fails due to Fire

8.53E-01

Based on fire frequency analysis. Large
facility fire threatens naval canister inside
the IHF.

Table 6.3-10 (8)

51A-NVL-LARGE-FIRE-CTM

Relative Frequency of Large Fire in CTM

2.91E-03

Based on fire frequency analysis. Large
facility fire threatens naval canister inside
the CTM.

Table 6.3-10 (7)

51A-NVL-SPMRC-WODIESEL

Fire in Preparation Area without Diesel

9.35E-01

Based on Fire frequency analysis. Fire
threatens naval transportation cask after
SPM has left cask preparation room.

Table 6.3-10 (2)

51A-NVL-SPMRC-DIESEL

Fire in Preparation Area SPMRC with
Diesel

6.53E-02

Based on Fire frequency analysis. Fire
threatens naval transportation cask while
SPM is present in cask preparation
room.

Table 6.3-10 (1)

51A-PROB-HLW-WP

Probability of HLW WP Cask in Process

6.00E-01

Probability a HLW canister in WP—
based on 600 of 1000 canisters
processed through IHF over entire
preclosure period

N/A
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Table 6.3-11. Miscellaneous Data Used In the Reliability Analysis (Continued)

Basic Event (BE)ID Basic Event Description BE Value Bases References
51A-PROB-LEAD Probability of Lead Casks 1.00E+00 The number of leaded TC received by N/A
the IHF is unknown. This value is set to
a value of 1.0 to ensure a conservative
analysis.
51A-PROB-NON-LEAD Probability of Non-Lead Casks 0.00E+00 Since all TCs received by the IHF are N/A
considered as leaded casks, then the
probability of receiving a non-leaded
caskis 0.0
51A-PROB-NVLCAN-WP-LOR Probability NVL Canister in WP in 1.51E-01 Based on fire frequency analysis. Fire Table 6.3-10 (4)
Loadout Room threatens WP with Naval canister in
Loadout room.
51A-PROB-NVLCAN-WPTT- Probability NVL Canister in WPTT in 8.49E-01 Based on fire frequency analysis. Fire Table 6.3-10 (3)
LOR Loadout Room threatens WPTT with Naval canister in
Loadout room
51A-PROB-NVL-WP Probability of NVL WP Cask in Process 4.00E-01 Probability a Naval canister in WP N/A
51A-PWR-LOSS Loss of Power 4.10E-06 Commercial power reliability requirement | N/A
51A-PWR-LOSS-2 Loss of Power 4.10E-06 Commercial power reliability requirement | N/A
51A-RHSLIFTNUMBER-000001 | Number of RHS Lifts 2.00E+00 This value represents the number of lifts | N/A
performed by the remote handling
system during the process of sealing the
WP.
51A-SLIDEGATECLOSES-CAN | Slide Gate Impact Damages Canister 0.00E+00 The port slide gate and the CTM bell Section 6.0
slide gate are designed to operate with a
low-torque motor that prevent crushing a
canister, should the canister be in transit
through the gate.
51A-SPMRC-MILES-IN-IHF Miles SPMRC travels in IHF 4.00E-02 This value represents the number of N/A
miles that the SPMRC will travel in the
IHF during normal operations
51A- Number of Crane Lifts 1.00E+00 Number of lifts by the 300-ton crane that | N/A
TRANSNSCTTLIFTNUMBER could potentially drop an object on the
TC while the caskis on the CTT
51A-WPTT-MILES-IN-IHF Miles WPTT travels during transfer 4.00E-02 This value represents the number of N/A

miles that the WPTT will travel in the IHF
during normal operations
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Table 6.3-11. Miscellaneous Data Used In the Reliability Analysis (Continued)

Basic Event (BE) ID Basic Event Description BE Value Bases References
51A-WELD-DAMAGE Weld Generates Sufficient Heat to 0.00E+00 Welder malfunction during the inner lid or | N/A
Damage Canister outer lid welding. Since the welder can
not generate sufficient heat to damage
the WP, a value of 0.00 is assigned to
the event.
NUM_NVL Number of Naval Casks 4.00E+02 Number of naval TC processed by the 000-PSA-MGRO-
IHF over the preclosure period. 01800-000-00A
(Ref. 2.2.26)
NUMBER-NAVAL-CANISTERS Number of Naval Canisters 4.00E+02 400 naval TC containing a single canister | 000-PSA-MGRO-
will be processed by the IHF over the 01800-000-00A
preclosure period. (Ref. 2.2.26)
NUM-HLW-CAN Number of HLW canisters received at IHF 1.00E+03 There will be 500 single canisters and 000-PSA-MGRO-
over the preclosure period 100 multi-pack HLW TCs containing up 01800-000-00A
to 5 canisters at the IHF for a total of (Ref. 2.2.26)
1000 canisters.
NUM-HLW-CSK Number of HLW casks received during 6.00E+02 The total number of HLW TCs processed | 000-PSA-MGRO-
preclosure period by the IHF over the preclosure period. 01800-000-00A
(Ref. 2.2.26)
NUM-HLW-WP Number of HLW WPs processed over the 2.00E+02 200 HLW WP will be processed by the 000-PSA-MGRO-
preclosure period. IHF over the preclosure period. 01800-000-00A
(Ref. 2.2.26)
NUM-NVL Number of Naval casks received at IHF 4.00E+02 400 naval TCs will be processed over the | 000-PSA-MGRO-
over the preclosure period. preclosure period. 01800-000-00A
(Ref. 2.2.26)
SHIELD-BELL-DROPS- Shield bell drops addressed in general 0.00E+00 Added to the fault trees for N/A
SUBSUM CTM drop Events completeness.
NVL-SHIELDING-FAILS5 Naval Trans Cask Shielding Fails--Drops 1.00E-05 PEFA for naval TC shielding failure for Table 6.3-7
drops
NVL-SHIELDING-FAILSS8 Naval Trans Cask Shielding Fails-- 1.00E-08 PEFA for naval TC shielding failure for Table 6.3-7
Collisions Collisions
HLW-SHIELDING-FAILSS HLW Trans Cask Shielding Fails--Drops 1.00E-05 PEFA for HLW TC shielding failure for Table 6.3-7
drops
HLW-SHIELDING-FAILSS8 HLW Trans Cask Shielding Fails-- 1.00E-08 PEFA for HLW TC shielding failure for Table 6.3-7
Collisions collisions
51A-MOD-FIRE-HLW-NOIMP Moderator Has No Impact on Criticality 0.00E+00 A moderator source has no impact on N/A

for HLW

HLW-—can not criticality. Probability set
to 0.00
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Table 6.3-11. Miscellaneous Data Used In the Reliability Analysis (Continued)

Basic Event (BE) ID Basic Event Description BE Value Bases References
MOD-NOFIRE-HLW-NOIMP Moderator Has No Criticality Impact on 0.00E+00 A moderator source has no impact on N/A
HLW HLW-—no criticality. Probability set to
0.00
51A-MODERATOR-ENTERS- Moderator Enters Canister in a Fire 1.000E+00 A moderator source enters naval canister | N/A
CAN during a facility fire.
51A-PERCENT-RC-RECEIPT Percentage of time Naval Canister is 1.000E+00 All naval waste packages will arrive at 000-PSA-MGRO-
Received on SPMRC the IHF on the SPMRC 01800-000-00A
(Ref. 2.2.26)
51A-PERCENT-TT-RECEIPT Percentage of time Naval Canister is 0.000E+00 No Naval waste packages will arrive at 000-PSA-MGRO-

Received on TT

the IHF on the SPMTT

01800-000-00A
(Ref. 2.2.26)

NOTE:

IHF =Initial Handling Facility, CTM = canister transfer machine; CTT = cask transfer trolley; HLW = high-level radioactive waste; SPMRC = site prime

mover railcar, SPMTT = site prime mover truck trailer; RHS = remote handling system; SD = shield doors; TC = transportation cask; WP =waste
package; WPTT = waste package transfer trolley.

Source: Original
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6.4 HUMAN RELIABILITY ANALYSIS

The PCSA has emphasized human reliability analysis because the waste handling processes
include substantial interactions between equipment and operating personnel. If there are human
interactions that are typically associated with the operation, test, calibration, or maintenance of a
certain type of SSC (e.g., drops from a crane when using slings) and this SSC has been treated
using industry-wide data per Attachment C, then human failure events may be implicit in the
reliability data. The analyst is tasked with determining whether that is the case. Otherwise, the
analyst includes explicit identification, qualitative modeling, and quantification of HFEs, as
described in this section. The detailed description of the HRA is presented in Attachment E.

6.4.1 HRA Scope

The scope of the HRA is established in order to focus the analysis on the issues pertinent to the
goals of the overall PCSA. Thus, the scope is as follows:

1. HFEs are only considered if they contribute to a scenario that has the potential to result
in a release of radioactivity, a criticality event, or a radiation exposure to workers.
Such scenarios may include the need for mitigation of radionuclides, for example,
provided by the confinement HVAC system.

2. Pursuant to the above, the following types of HFEs are excluded:
A. HFEs resulting in standard industrial injuries (e.g., falls)

B. HFEs resulting in the release of hazardous nonradioactive materials, regardless of
amount

C. HFE:s resulting solely in delays to or losses of process availability, capacity, or
efficiency.

3. The identification of HFEs is restricted to those areas of the facility that handle waste
forms, and only during the times that waste forms are being handled (e.g., HFEs are
not identified for the Cask Preparation Room during the export of empty transportation
casks).

4. The exception to #3 is that system-level HFEs are considered for support systems
(e.g., electrical power for confinement HVAC) when those HFEs could result in a loss
of a safety function related to the occurrence or consequences associated with the
events specified in #1.

5. Post-initiator recovery actions (as defined in Attachment E, Section E5.1.1.1) are not
credited in the analysis; therefore, HFEs associated with them are not considered.

6. In accordance with Section 4.3.10.1 (on boundary conditions of the PCSA), initiating
events associated with conditions introduced in SSCs before they reach the site are
not, by definition of 10 CFR 63.2 (Ref. 2.3.2) within the scope of the PCSA nor, by
extension, within the scope of the HRA.

172 March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

6.4.2 Base Case Scenarios

The first step in this analysis is to describe the IHF operations in sufficient detail such that the
human reliability analysts can identify specific deviations that would lead to a radiation release, a

direct exposure or a criticality event.

separate operational steps, as depicted in Figure 6.4-1.

To do this, the IHF operations were broken into six

Section E6.1 Section E6.2 Section E6.3 Section E6.4 Section E6.5
HFE Group #1: HFE Group #2: HFE Group #3: HFE Group #4: HFE Group #5_ Section £6.6
Waste Recejpt and —»| Cask Upending —®»| Cask Preparation —»| CTM Activities. Transfer of a WP Assembly 6}7 o —»  HFE Group #6:
Movement into and Removal from and Movement to Canister froma TC to a WP Closure WP Export
Preparation Area Conveyance Unloading Room with the CTM
NOTE: CTM = canister transfer machine; HFE =human failure event; TC = transportation cask; WP = waste

package.

Source: Original.

Figure 6.4-1. Initial Handling Facility Operations

The base case scenario for each HFE group represents a realistic description of expected facility,
equipment, and operator behavior for the selected operation. These scenarios are created from
discussions between the human reliability analysts, other PCSA analysts and personnel from
engineering and operations. In addition to a detailed description of the operation itself, these
base case scenarios include a brief description of the initial conditions and relevant equipment
features (e.g., interlocks). The relationship between these HFE groups and the corresponding
PFD nodes and ESDs are mapped in Attachment E, Table E6.0-1.

6.4.3 Identification of Human Failure Events

There are many possible human errors that could occur at YMP the effects of which might be
significant to safety. Human errors, based upon the three temporal phases used in PRA
modeling, are categorized as follows:

e Pre-initiator HFEs
e Human-induced initiator HFEs
e Post-initiator HFEs1:

— Non-recovery

— Recovery.

Each of these types of HFEs is defined in Attachment E, Section E5.1.1.1. The PCSA model
was developed and quantified with pre-initiator and human-induced initiator HFEs in the model.
The safety philosophy of waste handling operations is that an operator need not take any action
after an initiating event and there are no actions identified that could exacerbate the
consequences of an initiating event. This stems from the definitions and modeling of initiating
events and subsequent pivotal events as described in Section 6.1 and Attachment A. All

! Terminology common to nuclear power plants refer to post-initiator non-recovery events as Type C events and
recovery events as Type CR events.
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initiating events are proximal causes of either radionuclide release or direct exposure to
personnel. With respect to the latter, personnel evacuation was not considered in reducing the
frequency of direct exposure but personnel action could cause an initiating event. With respect
to the former, pivotal events address containment integrity, confinement availability, shielding
integrity, and moderator availability that have no post-initiator human interactions. Containment
and shielding integrity are associated only with the physical robustness of the waste containers.
Confinement availability is associated with a continuously operating HVAC and the status of
equipment confinement doors. Human interactions for HVAC are pre-initiator. Human actions
for shielding are associated the with the initiator phase. Moreover, recovery post-initiator HFEs
were not identified and not relied upon to reduce event sequence frequency. Thus, the focus of
the HRA task is to support the other PCSA tasks to identify these two HFE phases.

Pre-Initiator HFEs

Pre-initiators are identified by the system analysts when modeling fault trees during the system
analysis task. Special attention is paid to the possibility that an error can be repeated in similar
redundant components or trains, leading to a human CCF.

Human-Induced Initiator HFEs

Human-induced initiator HFEs are identified through an iterative process whereby the human
reliability analysts, in conjunction with other PCSA analysts and engineering and operations
personnel, meet and discuss the design and operations of the facility and the SSCs in order to
appropriately model the human interface. This iterative process began with the HAZOP
evaluation, the MLD and event sequence development, and the event tree and fault tree
modeling, and it culminated in the preliminary analysis and incorporation of HFEs into the
model. Included in this process is an extensive information collection process where industry
data for potential vulnerabilities and HFE scenarios are reviewed. The following sources were
examined:

o A Survey of Crane Operating FExperience at U.S. Nuclear Power Plants from 1968 —
2002, NUREG-1774 (Ref. 2.2.48)

o Control of Heavy Loads at Nuclear Power Plants, NUREG-0612 (Ref. 2.2.58)

e Naval Facilities Engineering Command (NAVFAC) Internet Web Site, Navy Crane
Center. The database includes the following information:

— Naval Crane Center Quarterly Reports (“Crane Corner”) 2001 through 2007

— Naval Crane Center Fiscal Year 2006 Crane Safety Reports (covers fiscal year 2001
through 2006)

— Naval Crane Center Fiscal Year 2006 Audit Report

e DOE Occurrence Reporting and Processing System (ORPS) Internet Web Site,
Operational Experience Summaries (2002 through 2007)
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o Institute of Nuclear Power Operations (INPO) database. The INPO database contains
the following information:

— Licensee event reports
— Equipment Performance and Information Exchange System
— Nuclear Plant Reliability Data System.

o Savannah River Site Human Lrror Data Base Development for Nonreactor Nuclear
Facilities (U) (Ref. 2.2.11)

e All Scientech/ Licensing Information Service (LIS) data on independent spent fuel
storage installation events (1994 through 2007) and Dry Storage Information Forum
(New Orleans, LA, May 2-3, 2001). This database includes the following information:

— Inspection reports
— Trip reports
— Letters, etc.

HFEs identified include both EOOs and EOCs.

The result of this identification process is a list of HFEs and a description of each HFE scenario,
including system and equipment conditions and any resident or triggered human factor concerns
(e.g., PSFs). This combination of conditions and human factors concerns then becomes the EFC
for a specific HFE. Additions and refinements to these initial EFCs are made during the
preliminary and detailed analyses.

Post-Initiator, Non-Recovery HFEs

Post-initiator, non-recovery HFEs are identified by examining the human contribution to pivotal
events in the event tree analysis. The event sequence analysts, with support from the human
reliability analysts, identify HFEs that represent an operator’s failure to perform the proper
action to mitigate the initiating event and/or the unavailability of automatic mitigation function
as called for in the emergency operating procedures or in accordance with their emergency
response training. This identification includes all actions required, whether in a control room or
locally. Post-initiator EOCs and EOOs are also considered. No post-initiator HFEs were
identified in this analysis.

6.4.4 Preliminary Analysis

A preliminary analysis is performed to allow HRA resources for the detailed analyses to be
focused on only the most risk-significant HFEs. The preliminary analysis includes verification
of the validity of HFEs included in the initial PCSA model, assignment of conservative HEPs to
all HFEs and verification of those probabilities. The actual quantification of preliminary values
is a six-step process that is described in detail in Appendix E.IIl of Attachment E. Once the
preliminary probabilities are assigned, the PCSA model is quantified (initial quantification) to
determine which HFEs require a detailed quantification. HFEs are identified for a detailed
analysis if (1) the HFE is a risk-driver for a dominant sequence, and (2) using the preliminary
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values, an aggregated event sequence is above Category 1 or Category 2 according to 10 CFR
63.111 (Ref. 2.3.2) performance objectives.

In cases where HFEs are completely mitigated by hardware (i.e., interlocks), the HFE is
generally assigned a value of 1.0 unless otherwise noted, and the hardware is modeled explicitly
in the fault tree.

6.4.5 Detailed Analysis

Once preliminary values have been assigned, the model is run, and HFEs are identified for a
detailed analysis if (1) the HFE is a risk-driver for a dominant sequence, and (2) using the
preliminary values, that sequence is Category 1 or Category 2. A dominant sequence is one that
does not meet the performance objectives according to the performance objectives in 10 CFR
63.111 (Ref. 2.3.2). The objective of a detailed analysis is to develop a more realistic HRA and
identify design features to be added that will provide compliance with the aforementioned
regulation. Many of the important to safety features of Section 6.9 were identified during the
HRA. The remaining HFEs retain their assigned preliminary values. For the preliminary
analysis, many of the HFEs are modeled in a simplified form in the event trees and fault trees;
although, for the preliminary analysis, each action is separated as much as possible for the
detailed analysis. This separation is done to ensure that the detailed analysis is thorough and that
the relationship between the system functionality and operations crew is transparent. First an
HFE is broken down into the various scenarios that lead to the failure. Then, each scenario is
further broken down into specific required actions and their applicable procedures, along with
the systems and components that must be operated during performance of each action. Each
action in each scenario has its own unique context, dependencies, and set of PSFs, and each is
quantified independently. The failure probabilities for these unsafe actions are quantified by the
HRA method appropriate to the HFE, its classification (e.g., EOC, EOO, observation error,
execution error), and the context. For this analysis, several HRA methods were considered, and
the following four methods were selected (Appendix E.IV of Attachment E provides a discussion
of the selection process):

e CREAM (Ref. 2.2.47)

e HEART/NARA (Ref. 2.2.81)/(Ref. 2.2.35) THERP with some modifications
(Ref. 2.2.77)

o ATHEANA's expert elicitation approach (Ref. 2.2.62).

For the preliminary analysis, HFEs are modeled at a high level where several subtasks are
combined into a single task so that explicit consideration of dependencies between subtasks is
eliminated. For a detailed assessment, where the various actions that constitute an HFE are
explicitly quantified, dependencies are also explicitly addressed using the basic formulae in
Table 6.4-1 from the THERP method (Ref. 2.2.77), where N is the independently derived HEP.
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Table 6.4-1. Formulae for Addressing HFE Dependencies
Level of Dependence Zero Low Medium High Complete
1+ 19N 1+6N 1+N
Conditional Probability N 20 7 2 1.0

Source: Modified from Handbook of Human Reliability Analysis with Emphasis on Nuclear Power Plant

Applications. NUREG/CR-1278 (Ref. 2.2.77), Table 20-17, p. 20-33.

After estimates for HFE probabilities are generated, these results are reviewed by the HRA team
and, in some cases, by knowledgeable operations personnel, as a “sanity check.” Principally,
such checks are used, for example, to compare the probabilities of different HFEs and determine
whether or not these probabilities are consistent with the judgment of experts regarding the
associated operator actions. A review of this type is particularly important for HFE probabilities
that are generated using data from the THERP method (Ref. 2.2.77) since it is difficult to
identify all important PSFs that are appropriate for repository operations. In addition, the HFE
probability estimates are reviewed to ensure that they do not exceed the lower limit of credible
human performance as defined by NARA (Ref. 2.2.35). HFE probabilities produced in this HRA
are mean values; uncertainties are accounted for by applying an error factor to the mean value of
the overall HFE according to the guidelines presented in Section E3.4 of Attachment E.

6.4.6 Human Failure Event Probabilities used in IHF Event Sequences Analysis

The results of the HRA are the HFE probabilities used in the event tree and fault tree
quantification process, which are listed in Table 6.4-2.

Table 6.4-2. Human Failure Event Probability Summary

Basic
Event
HFE Mean Error Type of
Basic Event Name | HFE Description ESD Group | Probability | Factor Analysis
51A-Liddisplace- Operator inadvertently displaces 12 3 N/A® N/A Omitted
HFI-NOD cask lid during preparation from
activities analysis
51A- Operator drops cask during cask N/A 3 N/AP N/A Omitted
OpCaskDrop01- preparation activities from
HFI-NOD analysis
51A- Operator inappropriately closes 7 4 1.00E-03 5 Preliminary
OpCICTMGate1- slide or port gate during vertical
HFI-NOD canister movement and
continues lifting
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Table 6.4-2. Human Failure Event Probability Summary (Continued)

Basic
Event
HFE Mean Error Type of

Basic Event Name | HFE Description ESD Group | Probability | Factor Analysis
51A-OpCollide001- | Operator causes low-speed 1, 2, 3, 2,3 3.00E-03 5 Preliminary
HFI-NOD collision of auxiliary vehicle with 4

RC, TT, or CTT
51A-OpCranelntfr- | Operator causes WP handling 11 6 1.00E-04 10 Preliminary
HFI-NOD crane to interfere with TEV or

WPTT
51A- Operator causes low-speed 5 3 1.00E-03 5 Preliminary
OpCTCollide2-HFI- | collision of CTT during transfer
NOD from preparation station to Cask

Unloading Room
51A- Operator lifts object or canister 7 4 1.0 N/A Preliminary
OpCTMDrInt01- too high with CTM (two-block)
HFI-COD
51A- Operator drops object onto 7 4 4.00E-07 10 Detailed
OpCTMdrop001- canister during CTM operations
HFI-COD
51A- Operator drops canister during 7 4 2.00E-04 10 Detailed
OpCTMdrop002- CTM operations
HFI-COD
51A- Operator moves the CTM while 7 4 1.00E-03 5 Preliminary
OpCTMImpact1- canister or object is below or
HFI-COD between levels
51A- Operator causes canister impact 7 4 N/A® N/A Omitted
OpCTMImpact2- with lid during CTM operations from
HFI-COD (HLW) analysis
51A- Operator causes canister impact 7 4 1.0 N/A Preliminary
OpCTMImpact5- with SSC during CTM
HFI-COD operations (all)
51A- Operator causes an impact 1,2, 3, 2,3 3.00E-03 5 Preliminary
OpCTTImpact1- between cask and SSC due to 4
HFI-NOD crane operations
51A- Operator causes direct 12 4 1.0 N/A Preliminary
OpDirExpose1- exposure during CTM activities
HFI-NOD (all waste forms)
51A- Operator causes direct 12 4 1.00E-04 10 Preliminary
OpDirExpose2- exposure during CTM activities
HFI-NOD (transfer into a WP)
51A- Operator causes direct 12 6 3.00E-05 10 Detailed
OpDirExpose3- exposure during TEV loading
HFI-NOD
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Table 6.4-2. Human Failure Event Probability Summary (Continued)

Basic
Event
HFE Mean Error Type of

Basic Event Name | HFE Description ESD Group | Probability | Factor Analysis
51A-OpFailRstInt- Operator fails to restore 12 4,6 1.00E-02 3 Preliminary
HFI-NOM interlock after maintenance
51A-OpFailSG- Operator fails to close the CTM 12 4 1.00E-3 5 Preliminary
HFI-NOD slide gate before lifting shield

skirt (while the canister is inside

the bell; direct exposure)
51A-OpFLCollide1- | Operator causes high-speed 1,2, 3 2,3 1.0 N/A Preliminary
HFI-NOD collision of auxiliary vehicle with 4

RC, TT, or CTT
51A- Operator causes impact of cask 5 3 N/A® N/A Omitted
Oplmpact0000- during transfer from preparation from
HFI-NOD station to Cask Unloading Room analysis
51A- Operator fails to disconnect air 7 4 1.00E-03 5 Preliminary
OpNoDiscoAir-HFI- | supply from CTT in the Cask
NOD Unloading Room
51A- Operator fails to fully unbolt the 7 4 1.00E-03 5 Preliminary
OpNoUnBolt00- cask lid before moving CTT into
HFI-NOD the Cask Unloading Room

(HLW)
51A- Operator fails to fully unbolt the 7 4 N/A® N/A Omitted
OpNoUnBoltDP- cask lid before moving CTT into from
HFI-NOD the Cask Unloading Room analysis

(naval cask)
51A- Operator inappropriately 12 3 3.00E-04 5 Preliminary
OpNVYShield1- removes haval shield ring (direct
HFI-COW exposure)
51A- Operator causes low-speed 1 1 3.00E-03 5 Preliminary
OpRCCollide1-HFI- | collision between RC and facility
NOD SSCs
51A- Operator causes high-speed 1 1 1.0 N/A Preliminary
OpRClIntCol01- collision between RC and facility
HFI-NOD SSCs
51A-OpRCIntCol2- | Operator causes MAP to collide 1 1 1.0 N/A Preliminary
HFI-NOD into RC
51A- Operator closes shield door on 6 OA (1, 1.0 N/A Preliminary
OpSDClose001- waste form in conveyance 3, 6)
HFI-NOD
51A-OpShieldRing- | Operator fails to install WP 12 6 1.00E-04 10 Preliminary
HFI-NOD shield ring in WPTT (direct

exposure)
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Table 6.4-2. Human Failure Event Probability Summary (Continued)

Basic
Event
HFE Mean Error Type of
Basic Event Name | HFE Description ESD Group | Probability | Factor Analysis
51A- Operator causes spurious 1,2, 3, 2,3 1.00E-04 10 Preliminary
OpSpurMove01- movement of CTT in the Cask 4
HFI-NOD Preparation Area
51A- Operator begins WP extraction 11 6 1.00E-03 5 Preliminary
OpTEVDrClosd- before TEV doors open
HFI-NOD
51A- Operator prematurely tilts down 7,8,10 | 4,56 1.0 N/A Preliminary
OpTiltDown01-HFI- | the WPTT
NOD
51A- Operator causes cask to tip over 1,2 2 1.00E-04 10 Preliminary
OpTipover001-HFI- | during cask upending and
NOD removal
51A- Operator causes cask to tip over 3,4 3 1.00E-04 10 Preliminary
OpTipover002-HFI- | during cask preparation
NOD activities
51A-OpTTCollide1- | Operator causes low-speed 1 1 3.00E-03 5 Preliminary
HFI-NOD collision between TT and facility
SSCs
51A- Operator causes high-speed 1 1 1.0 N/A Preliminary
OpTTIntCol01-HFI- | collision between TT and facility
NOD SSCs
51A-OpTTIntCol2- | Operator causes MAP to collide 1 1 1.0 N/A Preliminary
HFI-NOD into TT
51A-OpTTRollover- | Operator causes rollover of TT 1 1 N/AP N/A Omitted
HFI-NOD from
analysis
51A- Operator causes low-speed 8,10 56 3.00E-03 5 Preliminary
OpWPCollide1- collision of WPTT into SSC
HFI-NOD
51A- Operator causes direct 12 5 1.00E-04 10 Preliminary
OpWPInnerLid- exposure during WP loading
HFI-NOD
51A- Operator prematurely tilts up the 11 6 1.0 N/A Preliminary
OpWPTIltUp01- WPTT
HFI-NOD
51A- Operator causes spurious 7 4 1.00E-03 5 Preliminary
OpWPTTSpur01- movement of WPTT during
HFI-NOD canister loading
Crane drops Operator drops cask or drops 1,2, 3, 2, 3,5, N/A% P n/a Historic
object onto cask during crane 4,91 6 data
operations
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Table 6.4-2. Human Failure Event Probability Summary (Continued)

Basic
Event
HFE Mean Error Type of
Basic Event Name | HFE Description ESD Group | Probability | Factor Analysis
Improper WP Operator damages canister or 9 5 N/A® N/A Omitted
closure fails to properly weld the WP from
analysis
Load too heavy Operator causes drop of cask by N/A OA N/A® N/A Omitted
attempting to lift a load that is from
too heavy for the crane analysis
Moderator Operator introduces moderator N/A OA N/A® N/A Omitted
introduced into into a moderator-controlled area from
moderator- of the IHF analysis
controlled area
RC derailment Operator causes the RC to 1 1 N/A>® N/A Historic
derail data
Spurious Operator causes spurious 7 4 N/A® N/A Omitted
movement of CTT movement of the CTT during from
during CTM CTM activities analysis
activities
TEV Collision Operator causes TEV to collide 11 6 N/AP N/A Omitted
with WP or WPTT from
analysis
WPTT derailment Operator causes WPTT to derail 8, 10 56 N/A% P N/A Historic
data
WPTT uncontrolled | Operator causes an 10 6 N/A® N/A Omitted
tilt-down uncontrolled tilt down of the from
WPTT analysis

NOTE: ®Historical data was used to produce a probability for this HFE — this is not covered as part of the HRA, but
is rather addressed in Attachment C, Section C1.3.

® These HFEs were initially identified, but omitted from analysis for various reasons, including a design
change precluding the human failure, or the failure would require a series of unsafe actions in combination
with mechanical failures, such that the event is no longer credible. See the appropriate HFE group in
Attachment E for a case-by-case justification for these omissions.

CTM = canister transfer machine; CTT = cask transfer trolley; ESD = event sequence diagram; HFE =
human failure event; HLW = high-level radioactive waste; IHF = Initial Handling Facility; MAP = mobile
access platform; N/A = not applicable; OA = over arching (applies to multiple HFE groups); RC = railcar,
SSC = structure, system, or component; SSCs = structures, systems, and components; TEV = transport
and emplacement vehicle; TT = truck trailer; WP = waste package; WPTT = waste package transfer

trolley.

Source: Original (Attachment E, Table E7-1).
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6.5 FIRE INITIATING EVENTS

Attachment F of this document describes the work scope, methodology, and results for the fire
analysis performed as a part of the PCSA. The internal events of the PCSA model are evaluated
with respect to fire initiating events and modified as necessary to address fire-induced failures
that lead to exposures. The list of fire-induced failures included in the model is evaluated as to
fire wvulnerability, and fragility analyses are conducted as needed (Section 6.3.2 and
Attachment D).

Fire initiating event frequencies have been calculated for each initiating event identified for the
IHF. Section F5 of Attachment F details the analysis performed to determine these frequencies,
using the methodology described in Section F4 of Attachment F.

6.5.1 Input to Initiating Events

Room and building areas, ignition frequencies, ignition source distributions, propagation
probabilities, and residence fractions are the set of calculated values which contribute to
calculating initiating event frequencies.

Room dimensions (Section F5.2.1 of Attachment F) are utilized to determine individual room
areas and the total building area. The room areas of the IHF are utilized to evaluate the building
ignition frequency. From methodology and equations presented in Section F4.3.1 of
Attachment F, the building ignition frequency over the 50-year facility operation period of 1.35
is obtained for the IHF (Attachment F, Table F5.2-1). The results of this portion of the analysis
are summarized in Table 6.5-1.

As discussed in Sections F4.3.2.1, F5.3, and F5.4 of Attachment F, an industrial building fire can
begin as the result of numerous types of ignition sources, which are grouped into nine categories:

Electrical equipment

HVAC equipment

Mechanical process equipment
Heat-generating process equipment
Torches, welders, and burners
Internal combustion engines

Office and kitchen equipment
Portable and special equipment

No equipment involved.

VXN n kWD =
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Table 6.5-1. Room Areas and Total Ignition Frequency

Area Area
Room (m?) Room (m?)
1001 158 1019 16
1002 502 1020 8
1003 41 1021 10
1200 through 1225 694 1022/24/2024 31
1005 467 1023 184
1006 134 1026 40
1007 172 1027 111
1008 86 2001/2010 218
1009 172 2002 58
1012/1011 1301 2003 307
1013 7 2004 149
1014 18 2005 304
1015/31/30/2009/15 69 2006 220
1016/2016 33 2007 23
1017/2017 61 2008 7
1018/2018 56
Total Area (sgq-m) 5.66E+03
Ignition Frequency (per sq-m/yr) 4.79E-06
Ignition Frequency (per yr) 2.71E-02
Ignition Frequency (over 50-year operating life) 1.35E+00

NOTE: m = meter; sq = square; yr = year.

Source: Table F5.2-1 of Attachment F.

Each category has a fraction representing the probability that, given an ignition, that category is
the source of the ignition. These fractions are combined with the number of units in each
category to determine the ignition frequency per ignition source. Uncertainty distributions have
been applied to the ignition frequencies, and contribute to the resulting distribution for fire
initiating event frequencies. The number of ignition sources in each category is further divided
by location into specific rooms. Each piece of equipment in a category is defined as one ignition
source, with some exceptions:

e Motor control centers, load centers, and equipment racks contribute an ignition source
for each active vertical cabinet

e An ignition source is counted for each motor over 5 hp for all equipment with motors

¢ A welding ignition source is counted for each hour of operation expected per year
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e The ignition sources for mobile equipment are split between the rooms the equipment
occupies in proportion to the amount of time the equipment will spend in each room

e An ignition source is counted for every square meter in the room for the no equipment
involved category.

The distribution and determination of ignition sources is further discussed in Section F5.4 of
Attachment F, and summarized in Table 6.5-2. Because the no equipment involved category
ignition sources are equal to the square meters values (available in Table 6.5-1), and because
there is no equipment for any of the facilities that falls under the heat-generating process
equipment category (F5.4.4), those categories are not presented in the summary Table 6.5-2.

Table 6.5-2.

Ignition Source Category and Room-by-Room Population

Room

Electrical

HVAC

Mechanical
Equipment

Torches,
Welders,
Burners

Internal
Combustion
Engines

Office/
Kitchen
Equipment

Portable
Equipment

1001 6 1

1002 95 4 2

1003 2

1200 through 2 9
1225

1005 1 2 12.04 5

1006 4.88

1007 0.08

1008 1.03

1009

BN (=N

1012/1011 1 4 23.97 15 100

1013 1

1015/31/30/200 1
9/15

1016/2016

1017/2017

1018/2018

1019

1020

1021

1022/24/2024

J NG (L N U N

1023 15 400

1026

1027

2001 6 2 1

2002 13 1

2003 3

2004 6 117 2
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Table 6.5-2. Ignition Source Category and Room-by-Room Population (Continued)

Torches, Internal Office/
Mechanical Welders, | Combustion Kitchen Portable
Room Electrical HVAC Equipment Burners Engines Equipment | Equipment
2005 1 7 1
2006 1 1
2007 1
2008
TOTAL 137 23 64 542 100 10 20

NOTE: HVAC = heating, ventilation, and air conditioning.
Source: Table F5.5-1 of Attachment F.

Propagation probabilities (Section F5.6, Attachment F) are utilized in the analysis to define the
probability of a fire spreading to various points specifically identified as areas in which a waste
form may be vulnerable. Uncertainty distributions have been applied to the propagation
probabilities, and contribute to the resulting distribution for fire initiating even frequencies.

Residence fractions (Section F5.7.1, Attachment F) developed from process throughputs define
the length of time (in minutes), a waste form will be vulnerable in a particular area of the
building and in a particular configuration. The minutes are converted to the fraction of time the
vulnerability is present over the 50-year operating life of the surface facilities, and are
summarized in Table 6.5-3.

6.5.2 Initiating Event Frequencies

The results of the fire initiating event analysis are the fire initiating event frequencies and their
associated distributions, as presented in Table 6.5-4. The frequencies represent the probability,
over the length of the preclosure surface operation period, that a fire will threaten the stated
waste container in the stated location. Initiating event frequencies are divided into two types of
calculations, localized fires and large fires, and are calculated for all locations associated with
waste handling operations and locations from which a fire can spread to a waste handling
operational location. (In Attachment F, these locations are sometimes called vulnerabilities.).
Calculations performed to obtain the initiating event are detailed in Section F5.7 of
Attachment F.

Uncertainty distributions are utilized in the contribution to initiating event frequency calculations
to account statistical uncertainty in the data. Uncertainty distributions utilized for this analysis
are lognormal distribution and normal distribution. The normal distribution can be accurately
represented by a mean and 97.5% value, the lognormal distribution is represented by a median
(50%) and 97.5% value. The mean and median can be inputs to calculate the error factor (EF).
The 97.5 percent value is a figure that represents a point at which only 2.5 percent of all possible
outcomes will vary from the mean more significantly. Three uncertainty distributions were
developed for this analysis, details for which are in Appendices F.II and F.III of Attachment F.

Monte Carlo simulations are performed to determine the mean, median, standard deviation,
variance, minimum, and maximum values of each of the initiating event frequencies based on the
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variance of the contributing data. To accomplish this, the Microsoft Excel add-on package
Crystal Ball™ is used (Attachment F, Sections F5.6 and F5.8). This software requires input of
two parameters (e.g., in the lognormal case, 50% and 97.5% values), and the figures that the
simulation will produce results for (initiating event frequencies). Crystal Ball software allows
probability distributions to be combined per formulas or equations representing initiating event
frequency inputs entered into Excel. The software randomly selects a value from the
possibilities defined by the distribution. This is set within the software to be done 10,000 times
to ensure accurate results. Ten-thousand Monte Carlo trials are performed.

Crystal Ball is run for all of the initiating events, the complete output of which is available in
Appendix VI of Attachment F. In addition to showing the initiating event frequency distribution,
the full output also shows the input distribution for the parameters that are varied, which match
the distributions developed and documented in Appendices F.II and F III of Attachment F.

Table 6.5-3. Residence Fractions

Residence
Initiating Event Fraction
Waste Form in WPTT in Loadout Room
WP/Naval SNF in WPTT in Loadout Room 5.8E-06
WP/HLW in WPTT in Loadout Room 5.8E-06
Waste Form in WP in TEV in Loadout Room
WP/Naval SNF in WPTT in TEV in Loadout Room 1.0E-06
WP/HLW in WPTT in TEV in Loadout Room 1.0E-06
Waste Form in Unloading Room
TC/Naval SNF in Unloading Room 3.2E-06
Threatens TC/HLW in Unloading Room 6.0E-06
Waste Form in Positioning and Closure Rooms

WP/Naval SNF in Positioning and Closure Rooms 2.7E-04
WP/HLW in Positioning and Closure Rooms 2.7E-04

Waste Form in Loading Room
WP/Naval SNF in Loading Room 6.2E-06
Threatens WP/HLW in Loading Room 2.0E-04

Waste Form in CTT in Cask Preparation Area
TC/Naval SNF in CTT in Cask Preparation Area 2.3E-05
TC/HLW in CTT in Cask Preparation Area 9.6E-06
Waste Form on Railcar in the Cask Preparation Area w/ SPM (Diesel Present)
TC/Naval SNF on Railcar in the Cask Preparation Area w/ SPM (Diesel Present) 1.8E-06
TC/HLW on Railcar in the Cask Preparation Area w/ SPM (Diesel Present) 1.2E-06
Waste Form on Railcar in the Cask Preparation Area w/o SPM (No Diesel Present)

TC/Naval SNF on Railcar in the Cask Preparation Area w/o SPM (No Diesel 2.0E-5
Present)
TC/HLW on Railcar in the Cask Preparation Area w/o SPM (No Diesel Present) 9.4E-06
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Table 6.5-3. Residence Fractions (Continued)

Residence
Initiating Event Fraction
Waste Form in CTM in Transfer Room
Naval SNF in CTM in Transfer Room 1.3E-06
HLW in CTM in Transfer Room 1.1E-06
Large Fire Residence Categories

TC/Naval SNF w/ SPM (Diesel Present) 1.8E-06
TC/Naval SNF w/o SPM (No Diesel Present) 4.6E-05
Naval SNF in CTM 9.5E-07
Naval SNF in WP 2.8E-04
TC/HLW w/ SPM (Diesel Present) 1.2E-06
TC/HLW w/o SPM (No Diesel Present) 2.4E-05
HLW in CTM 7.4E-06
HLW in WP 4.8E-04

NOTE: CTT = cask transfer trolley; CTM = canister transfer machine; HLW = high-level
radioactive waste; SNF = spent nuclear fuel; SPM = site prime mover; TC =
transportation cask; TEV = transportation emplacement vehicle; WP = waste package;

WPTT = waste package transfer trolley.
Source: Tables F5.7-1 and F5.7-2 of Attachment F.

Table 6.5-4. Results from Monte Carlo Simulation of Fire Initiating Event Frequency Distributions

97.5%
Initiating Event Equipment Mean Median Value EF Type

Localized Fire Threatens Waste Form WPTT
in WPTT in Loadout Room

WPTT in Loadout Room

Localized Fire Threatens WP/NSNF in 4.9E-07 4 5E-07 | 1.1E-06 | 2.1E+00 | Lognormal

WPTT in Loadout Room

Localized Fire Threatens WP/HLW in 4.9E-07 4 5E-07 | 1.1E-06 | 2.1E+00 | Lognormal

Localized Fire Threatens Waste Form TEV
in WP in TEV Loadout Room

TEV in Loadout Room

Localized Fire Threatens WP/NSNF in 8.8E-08 7.9E-08 | 1.9E-07 | 2.1E+00 | Lognormal

TEV in Loadout Room

Localized Fire Threatens WP/HLW in 8.8E-08 7.9E-08 | 1.9E-07 | 2.1E+00 | Lognormal

Localized Fire Threatens Waste Form CTT
in Unloading Room

Unloading Room

Localized Fire Threatens TC/NSNF in 1.2E-08 1.1E-08 | 2.7E-08 | 2.2E+00 | Lognormal
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Table 6.5-4. Results from Monte Carlo Simulation of Fire Initiating Event Frequency Distributions

(Continued)
97.5%
Initiating Event Equipment Mean Median Value EF Type
Localized Fire Threatens TC/HLW in 2.2E-08 2.0E-08 | 5.1E-08 | 2.2E+00 | Lognormal
Unloading Room
Localized Fire Threatens Waste Form WPTT
in Positioning Room
Localized Fire Threatens WP/NSNF in 3.8E-05 3.4E-05 | 8.3E-05 | 21E+00 | Lognormal
Positioning Room
Localized Fire Threatens WP/HLW in 3.8E-05 3.4E-05 | 8.4E-05 | 21E+00 | Lognormal
Positioning Room
Localized Fire Threatens Waste Form WPTT
in Loading Room
Localized Fire Threatens WP/NSNF in 3.5E-07 3.1E-07 | 8.5E-07 | 2.3E+00 | Lognormal
Loading Room
Localized Fire Threatens WP/HLW in 1.2E-05 1.0E-05 | 2.8E-05 | 2.3E+00 | Lognormal
Loading Room
Localized Fire Threatens Waste Form CTT
in CTT in Cask Preparation Area
Localized Fire Threatens TC/NSNF in 1.3E-06 1.1E-06 | 3.1E-06 | 2.3E+00 | Lognormal
CTT in Cask Preparation Area
Localized Fire Threatens TC/HLW in 5.3E-07 46E-07 | 1.3E-06 | 2.3E+00 | Lognormal

CTT in Cask Preparation Area

Localized Fire Threatens Waste Form RC
on Railcar in the Cask Preparation
Area w/SPM (Diesel Present)

Localized Fire Threatens TC/NSNF on 2.3E-07 21E-07 | 5.1E-07 | 2.1E+00 | Lognormal
railcar in the Cask Preparation Area
w/SPM (diesel present)

Localized Fire Threatens TC/HLW on 1.5E-07 1.4E-07 | 3.5E-07 | 2.1E+00 | Lognormal
railcar in the Cask Preparation Area
w/SPM (diesel present)

Localized Fire Threatens Waste Form RC
on Railcar in the Cask Preparation
Area w/o SPM (No Diesel Present)

Localized Fire Threatens TC/NSNF on 2.0E-06 1.8E-06 | 4.5E-06 | 2.2E+00 | Lognormal
railcar in the Cask Preparation Area
w/o SPM (no diesel present)

Localized fire threatens TC/HLW on 9.3E-07 8.3E-07 | 2.1E-06 | 2.2E+00 | Lognormal
railcar in the Cask Preparation Area
w/o SPM (no diesel present)

Localized Fire Threatens Waste Form CTM
in CTM in Transfer Room
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Table 6.5-4. Results from Monte Carlo Simulation of Fire Initiating Event Frequency Distributions

(Continued)
97.5%
Initiating Event Equipment Mean Median Value EF Type
Localized Fire Threatens NSNF in 8.1E-08 71E-08 | 1.9E-07 | 2.3E+00 | Lognormal
CTM in Transfer Room
Localized Fire Threatens HLW in CTM 6.9E-08 6.1E-08 | 1.7E-07 | 2.2E+00 | Lognormal
in Transfer Room
Large Fire Threatens TC/NSNF - 3.7E-07 3.3E-07 | 8.7E-07 | 2.2E+00 | Lognormal
(Diesel)
Large Fire Threatens TC/NSNF (No - 9.7E-06 8.6E-06 | 2.3E-05 | 2.2E+00 | Lognormal
Diesel)
Large Fire Threatens NSNF in CTM - 2.0E-07 1.8E-07 | 47E-07 | 2.2E+00 | Lognormal
Large Fire Threatens NSNF in WP - 5.9E-05 5.3E-05 | 1.4E-04 | 2.2E+00 | Lognhormal
Large Fire Threatens TC/HLW (Diesel) - 2.5E-07 2.2E-07 | 5.8E-07 | 2.2E+00 | Lognormal
Large Fire Threatens TC/HLW (No - 5.1E-06 45E-06 | 1.2E-05 | 2.2E+00 | Lognormal
Diesel)
Large Fire Threatens HLW in CTM - 1.6E-06 1.4E-06 | 3.7E-06 | 2.2E+00 | Lognormal
Large Fire Threatens HLW in WP - 1.0E-04 9.1E-05 | 2.4E-04 | 2.2E+00 | Lognhormal

NOTE: CTT = cask transfer trolley; CTM = canister transfer machine; HLW = high-level radioactive waste;
NSNF = naval spent nuclear fuel; RC = railcar; SPM = site prime mover; TC = transportation cask;
TEV = transport and emplacement vehicle; WP = waste package; WPTT = waste package transfer

trolley.
Source: Table F5.7-6 of Attachment F.

Table 6.5-5 provides the fire analysis data for the basic events in this model.
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Table 6.5-5. Basic Events Data Associated with Fire Analysis

Basic Event (BE)ID

Basic Event Description

BE Value

Bases

References

51A-HLW-FREQ WITH DIESEL

Relative Frequency with Diesel
Present

2.30E-03

Based on the fire frequency analysis, this value
represents relative frequency an HLW canister
is possibly subjected to a large facility fire with

diesel present.

Table 6.3-10 (13)

51A-HLW-FREQ-NO-DIESEL

Relative Frequency with no
Diesel Present

4.67E-02

Based on the fire frequency analysis, this value
represents the relative frequency an HLW
canister is possibly subjected to a large facility
fire without diesel present.

Table 6.3-10 (14)

51A-HLW-FREQ-WODIESEL

Relative Frequency of WP in
Large Fire without Diesel

9.37E-01

Based on the fire frequency analysis, this value
represents the relative frequency a WP is
subject to a possible large facility fire without
diesel present.

Table 6.3-10 (17)

51A-HLW-FREQ-WP-FAILS

Relative Frequency of WP in
Large Fire

9.37E-01

Based on the fire frequency analysis. This
value represents the fraction of time an HLW
WP is in the IHF.

Table 6.3-10 (16)

51A-HLW-LARGE-FIRE-CTM

Relative Frequency of Large Fire
in CTM

1.45E-02

Based on fire frequency analysis. Large facility
fire threatens HLW canister inside the CTM.

Table 6.3-10 (15)

51A-PROB-HLWCAN-WP-LOR

Probability HLW Canister in WP
in Loadout Room

1.51E-01

Based on fire frequency analysis. Fire
threatens WP with HLW canister in Loadout
room.

Table 6.3-10 (12)

51A-HLWSPMRC-DIESEL

Fire in Prep Area SPMRC with
Diesel

9.61E-02

Based on the fire frequency analysis, this value
represents the failure of the HLW canister in a
Cask Prep Area fire when diesel is present.

Table 6.3-10 (9)

51A-HLWSPMRC-WODIESEL

Fire in Prep Area SPMRC
Without Diesel

9.04E-01

Based on the fire frequency analysis, this value
represents the failure of the HLW canister in a
Cask Prep Area fire when no diesel is present
on the SPMRC.

Table 6.3-10 (10)

51A-PROB-HLWCAN-WPTT-LOR

Probability HLW Canister in
WPTT in Loadout Room

8.49E-01

Based on fire frequency analysis. Fire
threatens WPTT with HLW canister in Loadout
room

Table 6.3-10 (11)

51A-NVL-FREQ-DIESEL

Relative Frequency with Diesel
Present

5.35E-03

Based on the fire frequency analysis. Large
facility fire when diesel is present threatens
naval cask inside the IHF.

Table 6.3-10 (5)
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Table 6.5-5. Basic Events Data Associated with Fire Analysis (Continued)

Basic Event (BE)ID Basic Event Description BE Value Bases References
51A-NVL-FREQ-NO-DIESEL Relative Frequency without 1.39E-01 Based on the fire frequency analysis. Large Table 6.3-10 (6)
Diesel Present facility fire when no diesel is present threatens
naval cask inside the IHF.
51A-NVL-FREQ-WP-FAILS Relative Frequency WP Fails 8.53E-01 Based on fire frequency analysis. Large facility | Table 6.3-10 (8)
due to Fire fire threatens naval canister inside the IHF.
51A-NVL-LARGE-FIRE-CTM Relative Frequency of Large Fire 2.91E-03 Based on fire frequency analysis. Large facility | Table 6.3-10 (7)
in CTM fire threatens naval canister inside the CTM.
51A-NVL-SPMRC-WODIESEL Fire in Preparation Area without 9.35E-01 Based on Fire frequency analysis. Fire Table 6.3-10 (2)
Diesel threatens naval transportation cask after SPM
has left cask preparation room.
51A-NVL-SPMRC-DIESEL Fire in Preparation Area SPMRC 6.53E-02 Based on Fire frequency analysis. Fire Table 6.3-10 (1)
with Diesel threatens naval transportation cask while SPM
is present in cask preparation room.
51A-PROB-NVLCAN-WP-LOR Probability NVL Canister in WP 1.51E-01 Based on fire frequency analysis. Fire Table 6.3-10 (4)
in Loadout Room threatens WP with Naval canister in Loadout
room.
51A-PROB-NVLCAN-WPTT-LOR | Probability NVL Canister in 8.49E-01 Based on fire frequency analysis. Fire Table 6.3-10 (3)

WPTT in Loadout Room

threatens WPTT with Naval canister in Loadout
room

NOTE:

TC= transportation cask; WP =waste package; WPTT = waste package transfer trolley.

Source: Original

IHF =Initial Handling Facility; CTM = canister transfer machine; HLVW = high-level radioactive waste; SPMRC = site prime mover railcar,
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6.6 NOT USED
6.7 EVENT SEQUENCE FREQUENCY RESULTS

This section discusses the results of the event sequence quantification as produced from the
SAPHIRE (Ref. 2.2.70) analyses. Quantification of an event sequence consists of calculating its
number of occurrences over the preclosure period by combining the frequency of a single
initiating event with the conditional probabilities of pivotal events that comprise the sequence.
The quantification results are presented as an expression of the mean and median number of
occurrences of each event sequence over the preclosure period, and the standard deviation as a
measure of uncertainty. Section 6.8 describes the process for aggregation of similar event
sequences to permit categorization as Category 1, Category 2, or Beyond Category 2 event
sequences.

The section presents a summary of how the quantification is performed by linking of event trees,
fault trees, and basic event input parameters. The discussion includes the rationale for truncating
low values and the analysis of uncertainties.

The results include a summary of all event sequences that are quantified and four tables
summarizing the results of the final quantification (Attachment G).

6.7.1 Process for Event Sequence Quantification

Internal event sequences that are based on the event trees presented in Section 6.1 and fault trees
presented in Section 6.2 are quantified using SAPHIRE (Section 4.2) (Ref. 2.2.70). In
SAPHIRE, the quantification of an event sequence is always labeled as a “frequency” in the
output formats. The quantification also includes the results of the uncertainty analysis of the
number of occurrences.

The event sequence quantification methodology is presented in Section 4.3.6. An event
sequence frequency is the product of several factors, as follows (with examples):

e The number of times the operation or activity that gives rise to the event sequence is
performed over the preclosure period, for example, the total number of transfers of a
naval SNF canister by a CTM in the IHF over the preclosure period. In SAPHIRE, this
number is entered in the first event of the initiator event tree from which the event
sequence arises or in the first event of the system-response event tree if no initiator
event tree exists.

e The probability of occurrence of the initiating event for the event sequence considered.
Continuing with the previous example, this could be the probability of dropping a naval
SNF canister during its transfer by the CTM in the IHF, or the probability of occurrence
of a fire that could affect the canister during its transfer by the CTM. The initiating
event probability is modeled in SAPHIRE with a fault tree or with a basic event. In an
initiator event tree, this probability is assigned on the branch associated with that
initiating event, through the use of SAPHIRE rules (i.e., textual logic instructions that
determine which fault tree or basic event is to be used). If no initiator event tree exists,
this probability is entered in the second event of the system-response event tree.
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e The conditional probability of each of the pivotal events of the event sequence, which
appear in the system-response event tree. The pivotal event may represent a passive
failure such as the breach of the containment boundary of the canister or an active
system failure such as the unavailability of the HVAC system. The conditional event
probabilities of pivotal events are linked to the event sequence in SAPHIRE through the
linkage to basic events in a fault tree that represents the pivotal event. The selection of
pivotal event models and the associated basic event values may be determined by
SAPHIRE rules.

Uncertainties in input parameters such as throughput rates, equipment failure rates, passive
failure probabilities, and human failure events used to calculate basic event probabilities are
propagated through the fault tree and event sequence logic to quantify the uncertainty in the
event sequence quantification.

To quantify an event sequence, SAPHIRE (Ref. 2.2.70) first establishes the logic of the event
sequence (i.e., the combination of individual successes and failures of pivotal events after the
initiating event). SAPHIRE then links together the fault trees that support the initiating event
and the pivotal events and uses Boolean logic to identify dependencies between the initiating
event and the pivotal events and between pivotal events. SAPHIRE finally develops minimal cut
sets for the event sequence considered. A minimal cut set for an event sequence is a Boolean
reduced combination of a set of basic events that, if it occurs, will cause the event sequence to
occur. The event sequence frequency is calculated as the sum of frequencies of the cut sets. For
computational efficiency, minimal cut sets that have a frequency less than a cutoff value of 107
are not calculated by SAPHIRE. Such minimal cut sets are insignificant contributors to the
number of occurrences of the event sequence over the preclosure period. This value is
considered sufficient to ensure that all significant contributors are identified because it would
require the sum of 1 x 10°® cut sets with a probability of occurrence of 1 x 10" over the
preclosure period to reach the Category 2 threshold frequency of 1 x 10™* over the preclosure
period.

As an illustration of the above process, the quantification of the event sequence initiated by a
drop of a HLW canister during a transfer in the IHF, followed by the breach of the canister, the
subsequent failure of the HVAC confinement to perform its confinement and filtering function
over its mission time, but no moderator entry into the canister, is outlined in the following
paragraphs. For IHF, the HVAC system is not required as an ITS system, and is modeled with a
failure probability of 1.0.

The event sequence, which leads to an unfiltered radionuclide release that is not important to
criticality, starts with an initiator event tree that depicts the number of HLW canisters that are
transferred by the CTM in the IHF over the preclosure period. Based on Waste Form
Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4), there are 1,000 such transfers.
Next, the branch on the initiator event tree that deals with the drop of a canister is selected. In
practice, this is done by SAPHIRE through the use of rules, which are assigned to the pivotal
event called “INIT-EVENT,” the fault tree whose top event models the probability of a HLW
canister drop. Multiplying the number of HLW canister transfers by the probability of a drop
yields the number of occurrences, over the preclosure period, of the initiating event for the event
sequence considered.
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SAPHIRE (Ref. 2.2.70) continues the construction of event sequence logic via a transfer to the
system-response event tree which provides the basis for quantifying the rest of the event
sequence through the use of the pivotal events described in Section 6.1 and Attachment B. First,
the breach of the canister, given its drop, is evaluated under the pivotal event called
“CANISTER”. SAPHIRE rules are used to ensure that the probability assigned to this pivotal
event pertains to the waste form considered in this event sequence—a HLW canister. The next
event that appears in the system-response event tree is called “SHIELDING”. This pivotal event
has a probability of one, indicating that a loss of shielding is considered to occur if the canister
breaches. This modeling conforms to the approach taken in the PCSA, where event sequences
that lead to a radionuclide release also embed direct exposure of personnel to radiation that could
result from a loss of shielding. The next pivotal event is called “CONFINEMENT.” This event
models the failure of HVAC to maintain confinement and perform filtering of the radionuclide
release. This pivotal event is quantified with a fault tree. The mission time for the system is
720 hrs (i.e., 30 days). Finally, the last pivotal event is called “MODERATOR.” This event
models moderator intrusion into the breached canister. In the event sequence analyzed, no
moderator entry occurs, that is, the success branch is followed.

The SAPHIRE event sequence quantification report includes the number of occurrences of each
cut set that contributes to an event sequence and the summation over the cut set to yield a
number of occurrences of the event sequence over the preclosure period. The internal processes
of SAPHIRE provide quantification of cut sets that represent combinations of basic events from
respective initiating event trees and pivotal event tress. The summation over such cut sets
represents the cumulative frequency of an initiating event (e.g., drop), containment (e.g.,
canister) breach, confinement unavailability, and moderator availability.

As noted, uncertainties in input parameters are propagated through the fault tree and event
sequence logic to quantify the uncertainty in the event sequence quantification. The uncertainty
analysis uses the Monte Carlo method that is built into SAPHIRE (Ref. 2.2.70). Each event
sequence was analyzed using 10,000 trials. The number of trials is considered sufficient to
ensure accurate results for the distribution parameters.

6.7.2 Event Sequence Quantification Summary

Table G-1 of Attachment G presents the result of the event sequence quantification. Table G-1
summarizes the results of the final quantification and lists the following elements: (1) event tree
from which the sequence is generated, (2) SAPHIRE event sequence designator (ID), (3)
initiating event description, (4) event sequence logic, (5) event sequence end state, (6) event
sequence mean value, (7) event sequence median value, and (8) standard deviation (i.e., event
sequence variance).
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6.8 EVENT SEQUENCE GROUPING AND CATEGORIZATION

An aggregation grouping process is applied prior to a categorization of event sequences as was
described in Section 4.3.1. It is appropriate for purposes of categorization, to add the frequencies
of event sequences that are derived from the same ESD, that elicits the same combination of
failure and success of pivotal events, and have the same end state. This is termed final event
sequence quantification, discussed in Section 6.8.1, and the results give the final frequency of
occurrence. Using the final frequency of occurrence, the event sequences are categorized
according to the definition of Category 1 and Category 2 event sequences given in 10 CFR 63.2
(Ref. 2.3.2). Dose consequences for Category 1 and Category 2 event sequences are subject to
the performance objectives of 10 CFR 63.111 (Ref. 2.3.2), which is performed in Preclosure
Consequence Analyses (Ref. 2.2.31). Event sequences with a frequency of occurrence less than
one chance in 10,000 of occurring before permanent closure of the repository are designated
Beyond Category 2 event sequences and are not analyzed for dose consequences.

Rather than calculate dose consequences for each Category 2 event sequence identified in the
categorization process, dose consequences are performed for a set of bounding events that
encompass the end states and material at risk for event sequences that may occur anywhere
within the GROA (Ref. 2.2.31, Table 2 and Section 7). Therefore, dose consequences are
determined for a bounding set of postulated Category 2 event sequences, as shown in
Table 6.8-1. Because all waste form types and configurations that are applicable to the
repository are included in Table 6.8-1, some of the bounding event sequences do not apply to the
present analysis. Once event sequence categorization is complete, Category 2 event sequences
are cross referenced with the bounding event number given in Table 6.8-1, thus ensuring that
Category 2 event sequences have been evaluated for dose consequences and compared to the 10
CFR 63.111 (Ref. 2.3.2), performance objectives.

195 March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Table 6.8-1. Bounding Category 2 Event Sequences

Bounding
Event Affected Waste
Number Form Description of End State Material At Risk

2-01* LLWF inventory Seismic event resulting in LLWF collapse and failure | HEPA filters
and HEPA filters of HEPA filters and ductwork in other facilities. LLWF inventory

2-02 HLW canister in Breach of sealed HLW canisters in a sealed 5 HLW canisters
transportation cask | transportation cask

2-03 HLW canister Breach of sealed HLW canisters in an unsealed 5 HLW canisters

waste package

2-04 HLW canister Breach of sealed HLW canister during transfer 2 HLW canisters

(one drops onto another)

2-05* Uncanistered Breach of uncanistered commercial SNF in a sealed | 4 PWR or 9 BWR
commercial SNF in | truck transportation cask in air commercial SNF
transportation cask

2-06* Uncanistered Breach of uncanistered commercial SNF in an 4 PWR or 9 BWR
commercial SNF in | unsealed truck transportation cask in pool commercial SNF
pool

2-07* DPC in air Breach of a sealed DPC in air 36 PWR or 74 BWR

commercial SNF

2-08* DPC in pool Breach of commercial SNF in unsealed DPC in pool 36 PWR or 74 BWR

commercial SNF

2-09* TAD canister in air | Breach of a sealed TAD canister in air within facility 21 PWR or 44 BWR
commercial SNF

2-10* TAD canister in Breach of commercial SNF in unsealed TAD canister | 21 PWR or 44 BWR
pool in pool commercial SNF

2-11* Uncanistered Breach of uncanistered commercial SNF assembly in | 2 PWR or 2 BWR
commercial SNF pool (one drops onto another) commercial SNF

2-12* Uncanistered Breach of uncanistered commercial SNF in pool 1 PWR or 1 BWR
commercial SNF commercial SNF

2-13* Combustible and Fire involving LLWF inventory Combustible and
noncombustible noncombustible
LLW inventory

2-14* Uncanistered Breach of a sealed truck transportation cask duetoa | 4 PWR or 9 BWR
commercial SNF in | fire commercial SNF
truck

transportation cask

NOTE: BWR = boiling water reactor; DAW = dry active waste; DPC = dual-purpose canister; HEPA = high-
efficiency particulate air; HLW = high-level radioactive waste; LLWF = Low-Level Waste Facility;
PWR = pressurized water reactor; SNF = spent nuclear fuel; TAD = transportation, aging and disposal
canister. Iltems marked with an asterisk (*) are not applicable to the IHF.

Source: Preclosure Consequence Analyses (Ref. 2.2.31, Table 2)
6.8.1 Event Sequence Grouping and Final Quantification

Event sequences are modeled to represent the GROA operations and SSCs. Accordingly, an
event sequence is unique to a given operational activity in a given operational area, which is
depicted in an ESD. When more than one initiating event (for example, the drop, collision, or
other structural challenges that could affect the canister) share the same ESD (and therefore elicit
the same pivotal events and the same end states), it may be necessary to quantify the event
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sequence for each initiating event individually because the conditional probabilities of the pivotal
events depend on the specific initiating event. In such cases, the frequencies of event sequences
that are represented in the same ESD, having the same path through the event tree, and have the
same end state are added together, thus comprising an event sequence grouping.

For example, an ESD may show event sequences that could occur during the transfer of a
canister from one container to another by the CTM in the IHF. More than one initiating event
(for example, the drop, collision, or other structural challenges that could affect the canister) may
share the same ESD (and therefore elicit the same pivotal events and the same end states), but
give rise to event sequences that are quantified for each initiating event because the conditional
probabilities of their pivotal events depend on the specific initiating event.

By contrast, some ESDs indicate a single initiating event. Such initiating events may be
composites of several individual initiating events, but because the conditional probabilities of
pivotal events and the end states are the same for each of the constituents, the initiators are
grouped before the event sequence quantification.

In the PCSA, event sequence grouping is performed for a given waste form configuration at the
ESD level. The waste container configurations considered for the IHF are as follows.

e Waste package
e Naval SNF canister, by itself or in a transportation cask
e HLW canister, by itself or in a transportation cask.

In SAPHIRE (Ref. 2.2.70), the grouping of event sequences is carried out using textual
instructions, designated as partitioning rules. Partitioning rules gather into a single end state the
minimal cut sets from the relevant individual event sequences that need to be grouped together,
and further apply a Boolean reduction to ensure that non-minimal cut sets are removed. The
event sequence frequencies from this step comprise the final event sequence quantification.

An illustration of the grouping of event sequences is described in the following. The potential
structural challenges to a given canister during its transfer by the CTM in the IHF are partitioned
among seven different initiating events such as canister drop, collision, drop of a heavy load on
the canister, etc. The event sequences involving the canister are quantified separately seven
times, once for each initiating event. After an initiating event, the event sequences that elicit the
same system-response and lead to the same end state (i.e., those event sequences that follow the
same path on the system-response event tree) are grouped together for purposes of
categorization. Thus, the seven individual event sequences initiated by a HLW canister drop,
collision, etc., that eventually result in a specific end state, for example a filtered (i.e., mitigated)
radionuclide release, are grouped together for the purposes of categorization as a single
aggregated event sequence with a unique name termed the “event sequence group ID”. Since
there are five different end states that can lead to exposure of personnel to radiation (i.e., result in
an end state other than “OK”), there are five aggregated event sequences involving the HLW
canister, each having a unique name. The frequency of each of the five aggregated event
sequences represents the sum of frequencies of the seven individual event sequences.
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The uncertainties in the grouped event sequences are generated by SAPHIRE as described in
Section 6.7. The logic of the grouped event sequences is applied to recalculate the output
probability distribution from the input parameters such as throughput rates, equipment failure
rates, passive failure probabilities, and HFEs used to calculate basic event probabilities. These
probability distributions are propagated through the fault tree and event sequence logic to
quantify the uncertainty in the event sequence quantification.

6.8.2 Event Sequence Categorization

Based on the calculated frequency of occurrence, the event sequences are categorized as
Category 1 or Category 2, per the definitions in 10 CFR 63.2 (Ref. 2.3.2), or Beyond Category 2.
The categorization is done on the basis of the expected number of occurrences of each event
sequence during the preclosure period. For purposes of this discussion, the frequency or
expected number of occurrences of a given event sequence over the preclosure period is
represented by the quantity m.

Some event sequences are not directly dependent on the duration of the preclosure period. For
example, the expected number of occurrences of HLW canister drops in the IHF over the
preclosure period is essentially controlled, among other things, by the number of HLW canisters
and the number of lifts of these canisters. The duration of the preclosure period is not directly
relevant for this event sequence, but is implicitly built into the operations. In contrast, for other
event sequences, time is a direct input. For example, seismically induced event sequences are
evaluated over a period of time. In such cases, event sequences are evaluated and categorized for
the time during which they are relevant.

Using the parameter m to represent the frequency or expected number of occurrences of a given
event sequence over the preclosure period, categorization is performed using the screening
criteria set out in 10 CFR 63.2 (Ref. 2.3.2), as follows:

e Those event sequences that are expected to occur one or more times before permanent
closure of the GROA are referred to as Category 1 event sequences (Ref. 2.3.2). Thus,
a value of m greater than or equal to one means the event sequence is a Category 1
event sequence.

e Other event sequences that have at least one chance in 10,000 of occurring before
permanent closure are referred to as Category 2 event sequences (Ref. 2.3.2). Thus, a
value of m less than one but greater than or equal to 10™*, means the event sequence is a
Category 2 event sequence.

198 March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

e A measure of the probability of occurrence of the event sequence over the preclosure
period is given by a Poisson distribution that has a parameter taken equal to m. The
probability, P, that the event sequence occurs at least one time before permanent
closure is the complement to one that the event sequence occurs exactly zero times
during the preclosure period. Using the Poisson distribution, P = 1 —exp(—m) (Ref.
2.2.10, p. A-3). A value of P greater than or equal to 10 implies the value of m is
greater than or equal to —In(1 —P) = — In(1 — 10™), which is approximately equal to
10*. Thus, a value of m greater than or equal to 10™, but less than one, implies the
corresponding event sequence is a Category 2 event sequence.

e Event sequences that have a value of m less than 10 are designated as Beyond
Category 2.

An uncertainty analysis is performed on m to determine the main characteristics of its associated
probability distribution, specifically the mean 50th percentile (i.e., the median), and the standard
deviation. The uncertainty analysis is performed in SAPHIRE, using the Monte Carlo technique
with 10,000 samples as described in Section 4.3.6.2.

The calculations carried out to quantify an event sequence are performed using the full precision
of the individual probability estimates that are used in the event sequence. However, the
categorization of the event sequence is based upon the expected number of occurrences over the
preclosure period given with one significant digit.

6.8.3 Final Event Sequence Quantification Summary

Initially, the results of the SAPHIRE event sequence gathering and quantification process are
reported in a single table of all event sequences for the ITHF (Attachment G, Table G-2).
Following the final categorization, the event sequences for the respective Category 2
(Table 6.8-3) and Beyond Category 2 (Attachment G, Table G-3) are tabulated separately. There
are no Category 1 (Table 6.8-2) event sequences for the IHF. As desired, other sorting may be
performed. For example, event sequences that have end states important to criticality are
tabulated separately (Attachment G, Table G-4). The format of the table headings and content
are the same for each table as follows:

1. Event sequence group ID — assigned during the grouping process in SAPHIRE.
2. End state — taken from the event tree.

3. Event sequence description — narrative to describe the initiating event(s) and pivotal
events that are involved.
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4.

5.

10.

Material at risk — describes the quantity and type of waste form involved.
Mean event sequence frequency (number of occurrences over the preclosure period).
Median event sequence frequency (number of occurrences over the preclosure period).

Standard deviation of the event sequence frequency (number of occurrences over the
preclosure period).

Event sequence category — declaration of Category 1, Category 2, or Beyond
Category 2.

Basis for categorization (e.g., categorization by mean frequency, or from sensitivity
study for mean frequencies near a threshold, as described in Section 4.3.6.2).

Consequence analysis — cross-reference to the bounding event number in the dose
consequence analysis (Table 6.8-1) (Ref. 2.2.31, Table 2 and Section 7).
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Table 6.8-2. Category 1 Final Event Sequences Summary

Event Event
Sequence Material-At- Standard | Sequence. Basis for Consequence
Group ID End State Description Risk Mean Median Dev Category Categorization Analysis
None

Source: Original.
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Table 6.8-3. Category 2 Final Event Sequences Summary

Event Event
Sequence Material-At- Std. Sequence Basis for Consequence
Group ID End State Description Risk® Mean® | Median® Dev’ Category | Categorization Analysis1
This event sequence Mean of
represents a direct distribution for
exposure during number of
preparation activities of a occurrences of
Direct transportation cask event
ESD12B- exXDOSUre containing a naval SNF 1 naval SNF sequence near
NVL-SEQ2- | P ' canister, or during . 2.E-01 1.E-01 1.E-01 Category 2 | a category N/A?
oss of canister
DEL o assembly and closure of threshold.
shielding o
a waste package Categorization
containing a naval SNF confirmed by
canister. In this sequence alternative
there are no pivotal distribution
events
This event sequence Mean of
represents a structural distribution for
challenge to an HLW number of
canister, during canister occurrences of
transfer by the CTM, event
Radionuclide resglting i_n an unfiltered sequence
gEDw'HLW' release, radionuclide release. In 2 HLW 6.E-02 | 4E-02 7.E-02 Category 2 2-04
Q5-RRU i this sequence the canisters
unfiltered . )
canister fails, the
confinement boundary is
not relied upon, and a
moderator is excluded
from entering the
canister.
ESD12B- Direct This event sequence 5 HLW 4 E-02 4 E-02 2.E-08 Category 2 | Mean of N/A?
HLW-SEQ2- exposure, represents a direct canisters distribution for
DEL loss of exposure during number of
shielding assembly and closure of occurrences of

a waste package
containing HLW
canisters. In this
sequence there are no
pivotal events.

event
sequence
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Table 6.8-3. Category 2 Final Event Sequences Summary (Continued)

Event Event
Sequence Material-At- Std. Sequence Basis for Consequence
Group ID End State Description Risk® Mean® [ Median? Dev* Category | Categorization Analysis1
ESD13-NVL- Direct This event sequence 1 naval SNF | 3.E-02 3.E-02 1.E-02 Category 2 | Mean of
SEQ2-DEL exposure, represents a thermal canister distribution for
loss of challenge to a naval SNF number of
shielding canister inside a occurrences of
transportation cask, due event
to a fire, resulting in a sequence N/A?
direct exposure from loss
of shielding. In this
sequence the canister
remains intact, and the
shielding fails.
ESD12C- Direct This event sequence 1 naval SNF | 1.E-02 4 E-03 2.E-02 Category 2 | Mean of
NVL-SEQ3- exposure, represents a direct canister distribution for
DEL loss of exposure during export of number of
shielding a waste package occurrences of 2
- N/A
containing a naval SNF event
canister. In this sequence sequence
there are no pivotal
events.
ESD12C- Direct This event sequence 5 HLW 6.E-03 2.E-03 1.E-02 Category 2 | Mean of
HLW-SEQ3- exposure, represents a direct canisters distribution for
DEL loss of exposure during export of number of
shielding a waste package occurrences of N/A2
containing HLW event
canisters. In this sequence
sequence there are no
pivotal events.
ESD12A- Direct This event sequence 5 HLW 2.E-03 2.E-03 1.E-03 Category 2 | Mean of
HLW-SEQ2- exposure, represents a temporary canisters distribution for
DEL loss of loss of shielding during number of
shielding CTM operations, while an occurrences of N/A2

HLW canister is being
transferred. In this
sequence there are no
pivotal events.

event
sequence
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Table 6.8-3. Category 2 Final Event Sequences Summary (Continued)

Event Event
Sequence Material-At- Std. Sequence Basis for Consequence
Group ID End State Description Risk® Mean® | Median® Dev’ Category | Categorization Analysis1
ESD12A- Direct This event sequence 1 naval SNF | 7.E-04 6.E-04 4 E-04 Category 2 | Mean of
NVL-SEQ2- exposure, represents a temporary canister distribution for
DEL loss of loss of shielding during number of
shielding CTM operations, while a occurrences of 2
) . N/A
naval SNF canister is event
being transferred. In this sequence
sequence there are no
pivotal events.
ESD13-HLW- | Direct This event sequence 5 HLW 7.E-04 6.E-04 3.E-04 Category 2 | Mean of
SEQ2-DEL exposure, represents a thermal canisters distribution for
loss of challenge to an HLW number of
shielding canister inside a occurrences of
transportation cask, due event
to a fire, resulting in a sequence N/A?

direct exposure from loss
of shielding. In this
sequence the canister
remains intact, and the
shielding fails.

NOTES: ' The bounding event number provided in this column identifies the bounding Category 2 event sequence identified in Table 6.8-1 from Preclosure

Consequence Analyses (Ref. 2.2.31, Table 2) that results in dose consequences that bound the event sequence under consideration.

2 Because of the great distances to the locations of the offsite receptors, doses to members of the public from direct radiation after a Category 2 event
sequence are reduced by more than 13 orders of magnitude to insignificant levels (GROA External Dose Rate Calculation (Ref. 2.2.18)).

® The material at risk is, as relevant, based upon the nominal capacity of the waste form container involved in the event sequence under consideration,
or accounts for the specific operation covered by the event sequence.

* The mean, median, and standard deviation displayed are for the number of occurrences, over the preclosure period, of the event sequence under
consideration.

CTM = canister transfer machine; CTT = cask transfer trolley; DOE = U.S. Department of Energy; DPC = dual-purpose canister; DSTD = DOE
standardized canister; HLW = high-level radioactive waste; MCO = multicanister overpack; RHS = remote handling system; ST = site transporter;

TC = transportation cask; WP = waste package; WPTT = waste package transport trolley.

Source:

Original
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Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

6.9 IMPORTANT TO SAFETY STRUCTURES, SYSTEMS, AND COMPONENTS
AND PROCEDURAL SAFETY CONTROL REQUIREMENTS

The results of the PCSA are used to define design bases for repository SSCs to prevent or
mitigate event sequences that could lead to the release of radioactive material and/or result in
radiological exposure of workers or the public. Potential releases of radioactive material are
minimized to ensure resulting worker and public exposures to radiation are below the limits
established by 10 CFR 63.111 (Ref. 2.3.2). This strategy requires using prevention features in
the repository design wherever reasonable. This strategy is implemented by performing the
PCSA as an integral part of the design process in a manner consistent with a performance-based,
risk-informed philosophy. This integral design approach ensures the ITS design features and
operational controls are selected in a manner that ensures safety while minimizing design and
operational complexity through the use of proven technology. Using this strategy, design rules
are developed to provide guidance on the safety classification of SSCs. The following
information is developed in order to implement this strategy:

e Essential safety functions needed to ensure worker and public safety
e SSCs relied upon to ensure essential safety functions

e Design criteria that will ensure that the essential safety functions will be performed with
a high degree of reliability and margin of unacceptable performance

e Administrative and procedural safety controls that, in conjunction with the repository
design ensure operations are conducted within the limits of the PCSAs.

Section 6.9.1 identifies ITS SSCs and Section 6.9.2 identifies the procedural safety controls. The
first three columns identify the ITS system or facility, subsystem and component. The fourth
column identifies the safety function relied upon in the event sequence analysis. The fifth
column provides the characteristics of the safety function (i.e., controlling parameter or value)
that is demonstrated to occur or exist in the design. The sixth column provides an event
sequence in which the safety function and the characteristic is relied upon. The seventh column
provides the source, usually a fault tree, for the controlling parameter or value.

6.9.1 Important to Safety Structures, Systems, and Components

Table 6.9-1 contains the nuclear safety design bases for the IHF ITS SSCs. The event sequence
column identifies a representative event sequence that is affiliated with each ITS SSC.

6.9.2 Procedural Safety Controls

PSCs are the controls that are relied upon to limit or prevent potential event sequences or
mitigate their consequences. For this analysis, all PSCs were derived to reduce the initiating
event sequence to an acceptable level.

Table 6.9-2 lists the PSCs that are required to support the event sequence analysis and
categorization. The event sequence column identifies a representative event sequence The event
sequence column identifies a representative event sequence that relies upon the PSC.
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs
System or Nuclear Safety Design Bases Representative
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
DOE And DOE and Entire Provide 1.  The mean conditional probability of IHF-ESD-11-HLW 51A-HLW-
Commercial commercial containment breach of a sealed waste package (Seq. 4-6) IMPACT-WP
Waste waste resulting from a side impact shall be
Package package less than or equal to 1E-08 per
System impact.

2. The mean conditional probability of IHF-ESD-11-HLW 51A-HLW-WP-
breach of a sealed waste package (Seq. 3-6) FAILS-DROPON
resulting from a drop of a load onto
the waste package shall be less than
or equal to 1E-05 per drop.

3. The mean conditional probability of IHF-ESD-11-HLW 51A-HLW-WPTT-
breach of a sealed waste package (Seq. 5-6) IMPACT-TEV
resulting from an end-on impact or
collision shall be less than or equal
to 1E-05 per impact.

HLW HLW canister Provide 4.  The mean conditional probability of IHF-ESD-07-HLW 51A-HLW-CAN-
containment breach of an HLW canister resulting (Seq. 4-5) FAIL-DROP
from a drop of the canister shall be
less than or equal to 3E-02 per drop.

5. The mean conditional probability of IHF-ESD-07-HLW 51A-HLW-CAN-
breach of an HLW canister resulting (Seq. 7-5) FAIL-COLL
from a side impact or collision shall
be less than or equal to 1E-08 per
impact.

6. The mean conditional probability of IHF-ESD-13-HLW- 51A-HLW-CAN-
breach of an HLW canister contained | WP FAIL-IN-WP

within a waste package resulting
from the spectrum of fires® shall be
less than or equal to 3E-04 per fire
event.

(Seq. 5-5)
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)
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LOT

System or Nuclear Safety Design Bases Representative
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source

7. The mean conditional probability of IHF-ESD-13-HLW- 51A-PMRC-FAIL-
breach of an HLW canister contained | WP CAN-DIESEL
within a cask resulting from the (Seq. 5-5)
spectrum of fires shall be less than
or equal to 2E-06 per fire event.

8. The mean conditional probability of IHF-ESD-13-HLW- 51A-HLW-CAN-
breach of an HLW canister located WP CONT-CTM-FIR
within the CTM shield bell resulting (Seq. 5-5)
from the spectrum of fires shall be
less than or equal to 1E-04 per fire
event.

9. The mean conditional probability of IHF-ESD-07-HLW 51A-HLW-CAN-
breach of an HLW canister, given the | (Seq. 2-5) FAIL-DROP
drop of another HLW canister onto
the first canister, shall be less than or
equal to 3E-02 per drop.

Initial Initial Shield doors Protect 10. Equipment and personnel shield IHF-ESD-12A-HLW | 51A-SHLD-DR-
Handling Handling (including against® doors shall have a mean probability (Seq. 2) DIRCT-EXP
Facility Facility anchorages) direct of inadvertent opening of less than or
exposure of equal to 1E-06 per transfer.
personnel
Preclude 11. An equipment shield door falling onto | Initiating event does | Table 6.0-2
collapse a waste container as a result of an not require further
onto waste impact from a conveyance shall be analysis.°
containers precluded.
Cask Port Slide Protect 12. The mean probability of a canister IHF-ESD-07-HLW GATE-36-109 of
Gate against drop resulting from a spurious (Seq. 4-5) 51A-CTM-DROP
dropping a closure of the slide gate shall be less
(51A-HTCO- canister due than or equal to 2E-06 per transfer.
HTCH-00001) to spurious
closure of
the slide
gate
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
Protect 13. The mean probability of inadvertent IHF-ESD-12A-HLW | 51A-SLIDE-GATE-
against opening of a slide gate shall be less (Seq. 2) DIR-EX
direct than or equal to 1E-09° per transfer.
exposure to
personnel
Preclude 14. Closure of the slide gate shall be Initiating event does | Table 6.0-2
canister incapable of breaching a canister. not require further
breach analysis.°
Waste Package Protect 15. The mean probability of a canister IHF-ESD-12A-HLW | 51A-SLIDE-GATE-
Port Slide Gate against drop resulting from a spurious (Seq. 2) DIR-EX
dropping a closure of the slide gate shall be less
(51A-HTCO- canister due than or equal to 4E-09 per transfer.
HTCH-00002) to a spurious
closure of
the slide
gate
Protect 16. The mean probability of inadvertent IHF-ESD-12A-HLW ESD12A-HLW-
against opening of a slide gate shall be less (Seq. 2) SHLD
direct than or equal to 2E-06 per transfer.
exposure to
personnel
Preclude 17. Closure of the slide gate shall be Initiating event does | Table 6.0-2
canister incapable of breaching a canister. not require further
breach analysis.°
Preclude 18. The waste package port slide gate Initiating event does | Table 6.0-2
canister drop shall be incapable of opening without | not require further
onto the a waste package transfer trolley with | analysis.®
floor waste package in position to receive
a canister.
Mechanical Cask Transportation Provide 19. The mean conditional probability of IHF-ESD-01-NVL 51A-NVL-TC-FAIL-
handling handling cask (analyzed containment breach of a canister contained within | (Seq. 3-6) DROP
system as a a sealed cask resulting from a cask

representative
transportation
cask)

drop shall be less than or equal to
1E-05 per drop.
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
20. The mean conditional probability of IHF-ESD-01-NVL 51A-NVL-TC-FAIL-
breach of a canister in a sealed cask | (Seq. 2-6) DROPON
resulting from a drop of a load onto
the cask shall be less than or equal
to 1E-05 per drop.
21. The mean conditional probability of IHF-ESD-04-NVL 51A-NVL-CAN-

breach of a canister contained within | (Seq. 7-5) FAIL-SIMP
a sealed cask resulting from a side
impact or collision shall be less than
or equal to 1E-08 per impact.

Preclude lid 22. The geometry of the casks that carry | IHF-ESD-07-HLW 51A-HLW-CAN-

contact with HLW canisters shall preclude lid (Seq. 2) FAIL-LID

canisters contact with canisters following a
drop of a cask lid.

Protect 23. The mean conditional probability of IHF-ESD-02-HLW HLW-SHIELDING-

against loss of cask gamma shielding (Seq. 2-3) FAILSS

direct resulting from a drop of a cask shall

exposure to be less than or equal to 1E-05 per

personnel drop.

24. The mean conditional probability of
loss of cask gamma shielding
resulting from a collision or side
impact to a cask shall be less than or
equal to 1E-08 per impact.

IHF-ESD-02-HLW
(Seq. 5-3)

HLW-SHIELDING-
FAILS8

25. The mean conditional probability of
loss of cask gamma shielding
resulting from drop of a load onto a
cask shall be less than or equal to
1E-05 per impact

IHF-ESD-02-HLW
(Seq. 6-3)

HLW-SHIELDING-
FAILS5
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
Site Prime Limit speed 26. The speed of the site prime mover IHF-ESD-01-HLW This parameter
Mover shall be limited to 9 mi/hr. (Seq. 4-6) limits the
conditional
probability of cask
breach given a
collision to the
appropriate value
from Table 6.3-7.
Preclude 27. The fuel tank of a site prime mover Initiating event does | Table 6.0-2
fuel tank that enters the facility shall preclude not require further
explosion fuel tank explosions. analysis.°
Cask Handling Protect 28. The cask handling yoke is an integral | See Cask Handling See Cask Handling

Yoke

(51A-HMO00-
BEAM-00001)

against drop

part of the load-bearing path. See
Cask Handling Crane requirements.

Crane requirements

Crane
requirements

Cask Handling
Crane; 300-ton

(51A-HMO00-
CRN-00001)

Protect 29. The mean probability of dropping a IHF-ESD-02-HLW 51A-CRN3-
against drop loaded transportation cask from less | (Seq. 2-6) DROPHLW-CRN-
than two-block height resulting from DRP
the failure of a piece of equipment in
the load-bearing path shall be less
than or equal to 3E-05 per transfer.
Protect 30. The mean probability of dropping a IHF-ESD-02-HLW 51A-CRN3-2-

against drop

loaded cask from the two-block
height resulting from the failure of a
piece of equipment in the load-
bearing path shall be less than or
equal to 4E-07 per transfer.

(Seq. 3-6)

BLOCK-CRN-TBK

Limit drop
height

31.

The two-block drop height shall not
exceed 40 ft from the bottom of the
shortest cask to the floor.

IHF-ESD-02-HLW
(Seq. 3-6)

This parameter
limits the
conditional
probability of cask
breach given a
collision to the
appropriate value
from Table 6.3-7.
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
Protect 32. The mean probability of dropping a IHF-ESD-02-HLW 51A-CRN3-
against drop load onto a loaded cask or its (Seq. 6-6) DROPON-CRN-
of a load contents shall be less than or equal DRP
onto a cask to 3E-05 per cask handled.
Limit speed 33. The speed of the Cask Handling IHF-ESD-02-HLW This parameter
Crane trolley and bridge shall be (Seq. 5-6) limits the
limited to 20 ft/min. conditional
probability of cask
breach given a
collision to the
appropriate value
from Table 6.3-7.
(2.5 mi/hr, from
Table 6.3-7, equals
220 ft/min, which
bounds 20 ft/min.)
Cask transfer Limit speed 34. The speed of the CTT shall be IHF-ESD-05-HLW This parameter
trolley (and limited to 2.5 mi/hr. limits the
pedestals) (Seq. 3-5) conditional
probability of
Trolley (51A- canister breach
HMO0O-TRLY- given a collision to
00001) the appropriate
Cask Pedestals value from Table
(51A-HMOO- 6.3-7.
PED-00001-2) | ppptect 35. The mean probability of spurious IHF-ESD-07-NVL | 51A-7-CTT-
Naval Cask against movement of the CTT while a (Seq. 3-5) SPURMOVE
Pedestal (51A- spurious canister is being lifted by the CTM
HMOO0-PED- movement shall be less than or equal to 1E-09°
00003) per transfer.
Cask Protect 36. The mean probability of a drop of a IHF-ESD-04-NVL 51A-CRN3-
preparation against drop load onto a loaded cask shall be less | (Seq. 4-5) DROPON--CRN-
crane; 30-ton than or equal to 3E-05 per transfer DRP

(51A-HMO00-
CRN-00002)
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
Cask Naval cask lift Protect 37. The naval cask lift bail is an integral See Cask Handling See Cask Handling
Handling/ bail against drop part of the load-bearing path. See Crane requirements | Crane
Cask Cask Handling Crane requirements. requirements
Receipt (51A-HMCO- g g g
BEAM-00001)
Naval cask lift Protect 38. The naval cask lift plate is an integral | See Cask Handling See Cask Handling
plate against drop part of the load-bearing path. See Crane requirements | Crane
(51A-HMCO- Cask Handling Crane requirements. requirements
HEQ-00005)
Cask Rail Cask Lid Protect 39. The rail cask lid adapter is integral to | See Cask Handling See Cask Handling
Handling / Adapters against drop the load-bearing path for the HLW Crane requirements | Crane
Cask rail cask lid. See Cask Handling requirements
; (51A-HMHO- :
Preparation HEQ-00002) Crane requirements.
Waste Canister Protect 40. The mean probability of drop of a IHF-ESD-07-HLW 51A-CTM-DROP
Transfer/ Transfer against drop canister from below the two-block (Seq. 4-5)
Canister Machine height due to the failure of a piece of
Transfer equipment in the load-bearing path
(51A-HTCO- B
FHM-00001) shall be less than or equal to 2E-04

per transfer.

Protect
against drop

41. The mean probability of drop of a
canister from the two-block height
due to the failure of a piece of
equipment in the load-bearing path
shall be less than or equal to 3E-08
per transfer.

IHF-ESD-07-HLW
(Seq. 5-5)

CTM-2-BLOCK

Limit drop
height

42. The two-block drop height shall not
exceed 40 ft from the bottom of a
canister to the cavity floor of the
transportation cask or waste
package.

IHF-ESD-07-HLW
(Seq. 5-5)

This parameter

limits the
conditional
probability of

canister breach
given a two-block

drop to the

appropriate value
from Table 6.3-7.
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
Protect 43. The mean probability of drop of a IHF-ESD-07-HLW 51A-CTM-HLW-
against drop load onto a canister shall be less (Seq. 2-5) DROPON
of a load than or equal to 1E-03 per transfer
onto a by the CTM.
canister
Protect 44. The mean probability of spurious IHF-ESD-07-HLW CTM-SHEAR
against movement of the CTM while a (Seq. 3-5)
spurious canister is being lifted or lowered
movement shall be less than or equal to 7E-09°
per transfer.
Preclude 45. Closure of the CTM slide gate shall Initiating event does | Table 6.0-2
canister be incapable of breaching a canister. | not require further
breach analysis.°
Preclude 46. The CTM shall preclude non-flat- Initiating event does | Table 6.0-2
non-flat- bottom drops of naval canisters. not require further
bottom drop analysis.°
of a naval

SNF canister
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
Protect 47. The mean probability of inadvertent IHF-ESD-12B-HLW ESD12B-HLW-
against radiation streaming due to the (Seq. 2) SHLD-RING
direct inadvertent opening of the CTM slide
exposure of gate, the inadvertent raising of the
personnel CTM shield skirt, or an inadvertent
motion of the CTM away from an
open port shall be less than or equal
to 1E-04 per transfer.
Limit speed 48. The speed ofthe CTM trolley and IHF-ESD-07-HLW This parameter
bridge shall be limited to 20 ft/min. (Seq. 7-5) limits the
conditional
probability of
canister breach
given a collision to
the appropriate
value from Table
6.3-7. (2.5 mi/hr,
from Table 6.3-7,
equals 220 ft/min,
which bounds 20
ft/min.)
Protect 49. The mean frequency of drop by the IHF-ESD-07-NVL IHF-ESD-07-NVL
against drop CTM of the naval SNF canister (Seq. 4-5) (Seq. 4-5)
resulting in breach of the canister
shall be less than or equal to 2E-05
over the preclosure period.
CTM Grapple Protect 50. The grapples are an integral part of See Canister See Canister
(51A-HTCO against drop the load-bearing path. See Canister | Transfer Machine Transfer Machine
HEQ-00001) Transfer Machine requirements. requirements. requirements.
Canister
grapples
(51A-HTCO-
HEQ-00003,

51A-HTCO-HEQ-
00004)
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
Protect 51. The grapples are an integral part of See Canister See Canister
against drop the load-bearing path. See Canister | Transfer Machine Transfer Machine
of a load Transfer Machine requirements. requirements. requirements.
onto a
canister
Naval Canister Protect 52. The naval canister lifting adapter is See Canister See Canister

Lifting Adapter

an integral part of the load-bearing
path of the CTM. See Canister

against drop
of a canister

Transfer Machine
requirements.

Transfer Machine
requirements.

(51A-HTCO- : )

HEQ-00005) Transfer Machine requirements.

DOE Waste Protect 53. The lid grapple is an integral part of See Canister See Canister

Package Inner against the the load-bearing path of the CTM. Transfer Machine Transfer Machine

Lid Grapple drop of a See Canister Transfer Machine requirements. requirements.
load onto a requirements.

(51A-HTCO- canister |

HEQ-00007)
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
Naval Waste Protect 54. The lid grapple is an integral part of See Canister See Canister
Package Inner against the the load-bearing path of the CTM. Transfer Machine Transfer Machine
Lid Grapple drop of a See Canister Transfer Machine requirements. requirements.
load onto a requirements.

(51A-HTCO- canister |
HEQ-00008)

Waste Waste Package Preclude 55. The WPTT shall be incapable of Initiating event does | Table 6.0-2

Package Transfer Trolley rapid tilt- uncontrolled tilt-down. not require further

Loadout (including down analysis.°
Pedestals,
Seismic Rail
Restraints, and
Rails)
(Trolley: 51A-
HLOO-TRLY-
00001)
(Pedestals:
51A-HL0O-PED-
00001-4)

Limit speed 56. The speed of the WPTT shall be IHF-ESD-08-NVL This parameter

limited to 2.5 mi/hr.

(Seq. 2-5)

limits the
conditional
probability of
canister breach
given a collision to
the appropriate
value from Table
6.3-7.
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source
Protect 57. The mean probability of spurious IHF-ESD-07-NVL 51A-7-WPTT-
against movement of the WPTT while a (Seq. 3-5) SPURMOVE
spurious canister is being lowered by the CTM
movement shall be less than or equal to 1E-09°
per transfer.
Naval SNF Naval SNF Entire Provide 58. The mean conditional probability of IHF-ESD-11-NVL 51A-WP-FAIL-
Waste Waste containment breach of a sealed waste package (Seq. 4-6) EXPORT
Package Package resulting from a side impact shall be
System less than or equal to 1E-08 per
impact.

59. The mean conditional probability of IHF-ESD-11-NVL 51A-WP-FAIL-
breach of a sealed waste package (Seq. 3-6) EXPORT®
resulting from a drop of a load onto
the waste package shall be less than
or equal to 1E-05° per drop.

60. The mean conditional probability of IHF-ESD-11-NVL 51A-NVL-WPTT-
breach of a sealed waste package (Seq. 5-6) COLLIDE-TEV
resulting from an end-on impact or
collision shall be less than or equal
to 1E-05 per impact.

Naval SNF Naval SNF Provide 61. The mean frequency of drop by the IHF-ESD-07-NVL IHF-ESD-07-NVL
Canister canister containment CTM of the naval SNF canister (Seq. 4-5) (Seq. 4-5)
(analyzed as a resulting in breach of the canister
representative shall be less than or equal to 2E-05
canister) over the preclosure period.

62. The mean conditional probability of IHF-ESD-07-NVL 51A-NVL-CAN-
breach of a canister resulting froma | (Seq. 2-5) FAIL-DROPON
drop of a load onto the canister shall
be less than or equal to 1E-05 per
drop.

63. The mean conditional probability of IHF-ESD-07-NVL 51A-NVL-CAN-
breach of a canister resulting froma | (Seq. 6-5) FAIL-COLL

side impact or collision shall be less
than or equal to 1E-08 per impact.
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Table 6.9-1 Preclosure Nuclear Safety Design Bases for the IHF ITS SSCs (Continued)

Nuclear Safety Design Bases

Representative

System or
Facility Subsystem Event Sequence
(System (As Safety (Sequence
Code) Applicable) Component Function Controlling Parameters and Values Number) Source

64. The mean conditional probability of IHF-ESD-13-NVL 51A-NVL-FAIL-
breach of a canister contained within | (Seq. 8-6) CAN-DIESEL
a cask resulting from the spectrum of
fires shall be less than or equal to
1E-06 per fire event.

65. The mean conditional probability of IHF-ESD-13-NVL 51A-NVL-CAN-
breach of a canister located within (Seq. 8-6) CONT-CTM-FIR
the CTM shield bell resulting from
the spectrum of fires shall be less
than or equal to 1E-04 per fire event.

66. The mean conditional probability of IHF-ESD-13-NVL 51A-NVL-CAN-
breach of a canister contained within | (Seq. 8-6) CONT-LR-FIRE

a waste package resulting from the
spectrum of fires shall be less than
or equal to 1E-04 per fire event.

NOTES: “Protect against’ in this table means either ‘reduce the probability of or ‘reduce the frequency of .
bExtremely low probabilities are reported in this table as 1E-09. Increasing the source probability to 1E-09 does not impact the categorization of
event sequences.
“Design requirement is applied to reduce the frequency of any event sequence that could result in damage to a waste container to Beyond
Category 2.
“The term “spectrum of fires” refers to the variations in the intensity and duration of the fire that are considered along with conditions that control the
rate of heat transfer to the container (Attachment D, Section D2.1).
®In this instance, a value of 1E-08 was used for the calculation. This probability bounds the estimated probability, as discussed in Attachment D,
Section D1.4.4. The probability given in the nuclear safety design basis is higher, 1E-05. The stated nuclear safety design basis is supported by
the analysis because the frequencies of the affected event sequences are below the Category 2 threshold by more than three orders of magnitude
(the difference between the value used and the value stated in the nuclear safety design basis).

CTM = canister transfer machine; CTT = cask transfer trolley; DOE = U.S. Department of Energy; HLW = high-level radioactive waste; SNF = spent
nuclear fuel, WPTT = waste package transfer trolley.

Source: Original
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Table 6.9-2. Summary of Procedural Safety Controls for the IHF Facility

Representative Event

Item SSC Procedural Safety Control Basis for Selection Sequence

1 CTT The CTT is deflated during loading of This control limits the probability of IHF-ESD-04-NVL
cask onto trolley, cask preparation spurious movement of the CTT and (Seq. 3-5)
activities, and during canister unloading | resulting canister impact.
or loading activities.

2 Site Prime Mover The site prime mover is disconnected or | This control limits the probability of IHF-ESD-01-HLW
secured to prevent motion before waste | spurious movement of the site prime | (Seq. 4-6)
handling operations begin. mover and resulting collision or

tipover.
3 WPTT Personnel are verified to be outside of This control limits the probability of IHF-ESD-12C-NVL
the WP Positioning Room and the WP operators receiving a direct (Seq. 2)
Loadout Room prior to movement of a exposure during the loading of a WP
loaded WP into the WP Positioning into the TEV.
Room or the WP Loadout Room.
4 CTM Verify that the naval canister lifting HRA quantification is based on this IHF-ESD-07-NVL
; adapter is fully detached from the naval | PSC being in place. This control (Seq. 2-5)
Naval SNF canister SNF canister before using the CTM to protects the canister from a drop by
remove the naval canister lifting adapter | the CTM during the removal of the
and shield ring. naval canister lifting adapter and
shield ring.

5 ITS SSCs The amount of time that a waste form PCSA uses exposure/residence Applies to all event
spends in each process area or in a times and reliability data to calculate | sequence and fault tree
given process operation, including total | the probability of an initiating event, quantification that uses
residence time in a facility, is or the probability of seismic induced | data from Attachment C.
periodically compared against the failures that lead to an event Also applies to fire
average exposure times used in the sequence. This control ensures that | analysis per Section 4.3
PCSA. Additionally, component failures | the average exposure times and and Attachment E.
per demand and component failures per | reliability data are maintained
time period are compared against the consistent with those analyzed in the
PCSA. Significant deviations will be PCSA.
analyzed for risk significance.

6 Cask Preparation Transportation cask lid bolts are This control prevents the CTM from IHF-ESD-07-HLW

Platform independently verified to have been attempting to remove the cask lid (Seq. 9-5)
removed prior to moving the cask from with bolts still in place resulting in
the cask preparation area to the failure of the bolts and possible drop
unloading room. of the lid or cask.
7 CTM At completion of a canister transfer While the CTM is being used to IHF-ESD-12A-NVL

operation, the port slide gates are

perform transfer operations, the

(Seq. 2)
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Table 6.9-2. Summary of Procedural Safety Controls for the IHF Facility (Continued)

Item

SSC

Procedural Safety Control

Basis for Selection

Representative Event
Sequence

Port Slide Gates

verified to be closed

Operational Radiation Protection
Program provides the necessary
controls to ensure that workers are
not present with the slide gates
open. This control limits the
probability of workers receiving a
direct exposure by entering the
transfer room with the CTM away
from a port with a waste form
present and the slide gate open.

CT™M

Prior to lifting or lowering a naval
canister, the CTM guide sleeve is to be
verified to have been lowered.

This control limits the probability that
a naval canister is not in a vertical
orientation during transfer such that
any potential drops would be flat
bottom drops.

IHF-ESD-07-NVL
(Seq. 4-5)

10

HLW

The individual radionuclide inventories
per HLW canister are limited to the
values presented in consequence
analysis.

This control is to ensure that the
dose consequences from Category
2 event sequences involving HLW
are within the values presented in
the consequence analysis.

Applies to all event
sequence end states that
result in release of
radioactivity from HLW.

NOTE: CTM = canister transfer machine; CTT = cask transfer trolley; HRA = human reliability analysis; ITS = important-to-safety; PCSA =

Source: Original

Preclosure Safety Analysis;, SSC = systems, structures, and components; WP = waste package; WPTT = waste package transfer
trolley.
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Event Sequence Categorization Analysis

7. RESULTS AND CONCLUSIONS

This analysis report on the IHF and its predecessor companion report, the /nitial Handling
Facility Event Sequence Development Analysis (Ref. 2.2.28), are part of the PCSA for the GROA
that supports the license application. In combination, these documents identify, evaluate,
quantify, and categorize event sequences for the GROA facilities and operations. They are part
of a collection of analysis reports that encompass all waste handling activities and facilities at the
GROA from initial operations to the end of the preclosure period. Probabilistic risk assessment
techniques derived from both nuclear power plant and aerospace methods are used to perform the
analyses to comply with the risk-informed aspects of 10 CFR 63.111 and 63.112 (Ref. 2.3.2) and
to be responsive to the acceptance criteria articulated in the Yucca Mountain Review Plan
(Ref. 2.2.64). The identification and development of the event sequences is limited to those that
might lead to the direct radiation exposure of workers or onsite members of the public,
radiological releases that may affect the workers or public (onsite and offsite), and nuclear
criticality.

The results of the analysis are discussed and presented in the logical progression through
Section 6 of this document and are not reiterated here. Instead, only key points are highlighted.
For the ungrouped event sequence results and the complete grouped event sequence summaries,
electronic files are provided due to the large size of hard copy versions (refer to Attachments G
and H). In addition, although the results from the SAPHIRE model are used and presented in
Section 6 and Attachment B, the model itself is difficult to completely represent in paper form.
Therefore, these outputs are also provided electronically (refer to Attachment H). Table 7-1
describes the results and indicates the location within this analysis for each result provided.

Table 7-1. Key to Results

Cross
Result Description Reference

Grouping of event sequences | Grouping of event sequences and description of event sequence | Table G-1

groups
Quantification of event Calculation of probability distributions for the numbers of Table G-2
sequences occurrences of internal event sequence groups over the

preclosure period
Categorization of event Assignment of frequency categories Category 1, Category 2, or Table 6.8-2
sequences Beyond Category 2 to internal event sequence groups based on | Table 6.8-3

mean numbers of occurrences Table G-3
Designation of structures, Identification of SSCs that are relied on in the quantification of Table 6.9-1

systems, and components as | internal event sequences for prevention or mitigation
important to safety

Statement of nuclear safety List of nuclear safety design bases for SSCs that are relied onin | Table 6.9-1
design bases the quantification of internal event sequences for prevention or

mitigation
Statement of procedural List of procedural safety controls that are relied on in the Table 6.9-2
safety controls quantification of internal event sequences for prevention or

mitigation

NOTE: ITS = important to safety; SSCs = structures, systems, and components.

Source: Original
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51A-PSA-IH00-00200-000-00A

Summary of Event Sequences

The analysis concludes that there are no Category 1 event sequences and 9 Category 2 event
sequences. Table 7-2 gives the number of Category 2 event sequences by end state for each

waste form.
Table 7-2. Summary of Category 2 Event Sequences
Waste Forms
End State Description HLW Naval

DE-SHIELD-DEGRADE Direct exposure due to None None
degradation of shielding

DE-SHIELD-LOSS Direct exposure due to loss of 4 4
shielding

RR-UNFILTERED Radionuclide release, unfiltered 1 None

RR-FILTERED Radionuclide release, filtered None None

RR-UNFILTERED-ITC Radionuclide release, unfiltered, None None
also important to criticality

RR-FILTERED-ITC Radionuclide release, filtered, None None
also important to criticality

ITC Important to criticality None None

Source: Original

Summary of Conservatisms

It should be noted that the event sequence identification and categorization were conducted with

conservatisms that increase confidence in the results.

below.

These conservatisms include those listed

Fire frequency and damage analyses are performed without relying on fire
suppression. This increases the calculated frequency of large fires and also increases
the duration and peak temperature of fires, thereby significantly increasing the
calculated probability of waste container failure.

If a fire is calculated to propagate out of the initiating location fire zone, the entire
building is considered to be involved in the fire.

In the PEFA for thermal and fire scenarios, conservatism is built into the boundary
conditions, which consider the fire as occurring next to the waste containers instead of
only a fraction of the fire occurrence being near the waste form. A fire closer to the
target will lead to a higher target failure probability than a fire located further away.
By considering all fires to be next to the waste forms, the thermal PEFA yields higher
waste form failure probabilities than is likely.
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4.

10.

11.

12.

13.

For event sequences in which a cask containing a canister is subjected to a drop,
slapdown, or in which a load is dropped onto the cask, the calculated containment
failure probability pertains to the canister inside without regard to the integrity of the
cask. That is, cask containment is not relied upon to reduce probability of containment
failure.

The structural PEFA uses a conservative failure probability of 1E-5, whereas the
actual PEFA assessment indicates values of less than 1E-8 failure probabilities
(Table D1.2-7 of Attachment D). This conservatism provides event sequence
quantification results orders of magnitude higher than what they would be if the actual
PEFA assessment values are used.

The event sequence development for shielding degradation of transportation casks
caused by an impact event considers all casks as if they contained lead gamma
shielding that could slump. However, not all transportation casks received at the
GROA will be leaded casks. Because non-leaded casks are not affected by this
degraded shielding condition, the introduction of this conservatism increases the event
sequence quantification value.

The structural analyses for drops and collisions of canisters or casks model a rigid,
unyielding surface as the target.

The structural analysis for drops of loads onto casks or canisters uses a rigid
unyielding object for the dropped load.

The probabilities of event sequences involving drops of casks and canisters represent a
drop height of up to 40 feet for casks and 45 feet for bare canisters. This is much
higher than the normal operational lift height but is applied for all lower drop heights.
Lower drop heights would result in less structural challenge to casks and canisters.

When a canister is inside a waste package, failure of the waste package is considered
to fail containment; i.e., the canister is not relied upon to reduce the probability of
containment failure.

Transportation casks are analyzed without impact limiters even for those event
sequences in which impact limiters would be attached.

The speed limitation of crane and conveyances within facilities to 20 ft/min and
2.5 mph, respectively, is set to ensure no breach of casks or canisters. The probability
of breach at such speeds is calculated to be less than 1E-08 per impact. Speeds could
be considerably larger without changing the categorizations of event sequences.

The HVAC system that provides confinement of radioactive material releases
following a waste form drop is not relied upon and is modeled with a failure
probability of 1.0. This conservative consideration leads to unfiltered event sequence
frequencies higher than are realistically expected.
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14.

15.

16.

17.

The human reliability analysis screening values used for human failure events are
typically one or more orders of magnitude higher than values that would be obtained
through detailed analysis.

The probability of failure associated with the structural analysis of mechanical impact
loads to casks and canisters is conservatively based on the maximum effective plastic
strain of any brick (i.e., finite element mesh) in the modeled structure rather than
relying on evidence of through-wall cracking.

Categorization of event sequences is based on the highest category after application of
a conservative adjustment to account for the uncertainty in the calculated uncertainties

To preserve flexibility in the conduct of operations, the throughput analysis
(Ref. 2.2.26) embeds multiple and bounding waste handling scenarios in the
throughput numbers. For example, it considers that a certain number of HLW
canisters are handled in IHF without subtracting that number from the number
considered to be handled in the CRCF, which is the total number received at the
repository. As a result, the allocated numbers, especially for the IHF, are higher than
is realistically expected. This conservatism applies especially to the IHF because,
although the THF is designed to handle HLW canisters, it is preferable to handle
virtually all of them in the CRCF where they can be loaded into codisposal waste
packages along with DOE SNF. Including this conservatism in the analysis yields
calculated event sequence frequencies that are higher than is realistically expected.
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ATTACHMENT A
EVENT TREES

Al INTRODUCTION

This attachment presents event trees that are derived from the ESDs in Attachment F of the
Initial Handling Facility Event Sequence Development Analysis (Ref. 2.2.28). All initiator event
trees and system response event trees are located at the end of this attachment. Refer to
Table AS-1 for the figure locations of specific event and response trees. The event trees are
presented in Figures AS-2 through AS5-39 according to the “hierarchy ordering” rules in
SAPHIRE. The first rule is that event trees are presented in alphabetical order (which is also
ESD order). For example, the event trees associated with IHF-ESD-01 appear first, and those
associated with IHF-ESD-02 appear after that, and so on. The second rule is that the first
initiator event tree associated with the ESD appears first and the corresponding system response
event tree is placed immediately following the first initiator event tree, followed by the
remaining initiator event trees for the ESD. For example, the first initiator event tree (IHF-ESD-
01-HLW) associated with the first ESD (IHF-ESD-01) is the first event tree figure. Then the
system response event tree (IHF-RESP-TC1) appears, followed by the remaining initiator event
trees for the ESD (IHF-ESD-01-NVL). The same kind of ordering is done for each group
1n turn.

A2 READER’S GUIDE TO THE EVENT TREE DESCRIPTIONS

The following sections are organized by ESD. The event trees that correspond to each ESD are
presented as follows:

1. The event trees for the waste forms covered are briefly described and listed (initiator
and system-response event trees or self contained event trees, as applicable).

2. The initiating events are described and listed. The listing is provided as a table that
includes the assignments of fault trees or basic events to the initiating events. The
assignments are made in SAPHIRE using basic rules or by fault-tree construction.
The goal of the initiating event table is to provide a link to the underlying system fault
tree (covered in Section 6.2 and Attachment B) or basic event (covered in Section 6.3
and Attachment C). In a few cases, the assignment is not straightforward and a
supplemental fault tree provides a link to the system fault tree or basic event level
(covered in Attachment B). Note that the initiating event frequencies are defined on a
per-unit-handled basis. Thus, when the initiating event frequencies are multiplied by
the number of units handled over the preclosure period, the result is an initiating event
frequency over the preclosure period.
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3. The system-response event tree that corresponds to the initiator event tree or the
system response for a self-contained event tree is covered as follows. Each pivotal
event used in an event tree is listed in the event tree description section and
summarized in Section A3. Each pivotal event is accompanied by a table that provides
a link between the name given to the pivotal event in the event tree and the associated
system fault tree or basic event. The goal of the pivotal event table is to provide a link
to the underlying system fault tree (covered in Section 6.2) or basic event (covered in
Section 6.3). In a few cases, the assignment is not straightforward and a supplemental
fault tree provides a link to the system fault tree or basic event level.

A3 SUMMARY OF THE MAJOR PIVOTAL EVENT TYPES

A self-contained event tree or a system response event tree may include pivotal events of
following types:

CELL-DOOR. This pivotal event represents the success or failure of the shield door to not fail
and damage waste forms.

WP. This pivotal event represents the success or failure of the waste package to contain
radioactive material after the impact caused by the initiating event. The failure of this pivotal
event leads to loss of the waste package’s containment function. The failure probability for this
pivotal event depends on the selection of initiating event and is determined by PEFA, and is
given in Table 6.3-4 in Section 6.3.2.2.

TRANSCASK. This pivotal event represents the success or failure of the transportation cask to
contain radioactive material after the impact caused by the initiating event. The failure of this
pivotal event leads to the loss of the cask’s containment function. The failure probability for this
pivotal event is determined by PEFA, and is given in Table 6.3-4 in Section 6.3.2. In accordance
with a simplifying approximation, the same failure probability is used for all casks for the
various initiating events.

CANISTER. This pivotal event represents the success or failure of the canister to contain
radioactive material after the impact caused by the initiating event. Failure of a containment
pivotal event means that a release could occur if the canister containment barrier is breached
(along with the cask or waste-package containment, as applicable). In accordance with a
simplifying approximation, the conditional probability of canister breach given cask breach is
taken to be 1.

SHIELDING. Failure of a shielding pivotal event means that a direct exposure could occur.
Casks, some canisters, and the cask transfer machine shield bell, which include integral shields
that could be pierced or degraded in some impact events. In addition, a breach of a container’s
seal can also result in a loss of shielding. Thus, this pivotal event represents the success or
failure of the shielding function of the cask, canister, or aging overpack after the impact caused
by the initiating event. Failure of shielding in this instance refers to an unspecified degree of
shielding degradation due to the impact.
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CONFINEMENT. This pivotal event represents the success or failure of the HVAC system in
continuing to provide HEPA filtration (radiological confinement) after the initiating event.
Success of the pivotal event requires the facility structural integrity as well as the functioning of
equipment associated with the HVAC system. Failure results in a potential airborne release that
is not mitigated by the HEPA filtration system.

MODERATOR. This pivotal event represents the conditional probability of introducing liquid
moderator (water or crane gearbox lubricating oil) into a breached canister, given that a breached
canister is present. The conditional probability of failure (introduction of liquid moderator) is
the same for all waste forms and all initiating events. Failure of a moderator pivotal event results
in an end state that may be susceptible to nuclear criticality. The opportunity for criticality also
depends on other pivotal events (e.g., loss of containment, which may allow liquid moderator
into a breached canister) and the physical properties of the waste form. HLW is not subject to
the possibility of criticality; therefore, all moderator trees pertaining to criticality sequences for
HLW are set to “0.00E+00.”

Each of the specific failure events included in a self-contained or system-response event tree may
be linked to a basic event or to the top event of a fault tree that represents equipment failure
modes and human failure events that can initiate the specific event. The fault tree models are, in
turn, linked to basic events that provide the failure frequencies. Some of the pivotal events
represent failure of equipment whose failure probabilities are linked to a separately developed
basic event and not to a fault tree.

A4 EVENT TREE DESCRIPTIONS
A4.1 EVENT TREES FOR IHF-ESD-01

IHF-ESD-01 covers event sequences associated with receipt of a truck trailer or railcar carrying a
transportation cask (Ref 2.2.28, Figure F-1). This ESD covers two types of transportation casks
naval and HLW. Corresponding to each type of cask is an initiator event tree (Table A4.1-1).
Although the initiator event trees transfer to the same system-response event tree, it is
customized within SAPHIRE for each initiator event tree by the use of basic rules. The rules
instruct SAPHIRE where to look for the fault tree that models each pivotal event. The
assignments made in the rules files are indicated in this section.

Table A4.1-1. Summary of Event Trees for IHF-ESD-01

Number of
Waste Form Unit Associated Event Trees Waste Form Units
Transportation cask containing HLW canisters Initiator: IHF-ESD-01-HLW 600
Response: IHF-RESP-TC1
Transportation cask containing a naval canister Initiator: IHF-ESD-01-NVL 400
Response: IHF-RESP-TC1

Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)
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A4.1.1 [Initiating Events for IHF-ESD-01

The following initiating events are associated with IHF-ESD-01. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.1-2. In this
ESD, some of the initiating events apply to both naval SNF and HLW. Others apply only to
HLW or to naval SNF. The differences are due to the fact that naval casks do not arrive by truck
and naval casks are lifted from the railcar with impact limiters attached whereas HLW casks are
lifted after removal of the impact limiters.

Table A4.1-2.

Initiating Event Assignments for IHF-ESD-01

Initiating Event
Description

Initiator Event Tree

SAPHIRE Assignment
by Basic Rules

SAPHIRE Assignment at
Fault Tree Level®

Railcar derailment

IHF-ESD-01-HLW

ESDO1-HLW-SPMRC
DERAIL

51A-%-HLW-ON-SPMRC AND
51A-SPMRC-DERAIL-DER-FOM AND
51A-SPMRC-MILES-IN-IHF

IHF-ESD-01-NVL

ESDO01-NVL-SPMRC
DERAIL

51A-SPMRC-DERAIL-DER-FOM AND
51A-SPMRC-MILES-IN-IHF

Truck trailer
rollover

IHF-ESD-01-HLW

ESDO1-HLW-
SPMTTROLL

Screened out (Section 6.0.3)

Railcar or truck
trailer collision

IHF-ESD-01-HLW

ESDO1-HLW-COLLIDE

[(51A-%-HLW-ON-SPMRC) AND
(51A-SPMRC-COLLISION)] OR
[(61A-%-HLW ON SPMTT) AND
(51A-SPMTT-COLLISION)]

IHF-ESD-01-NVL

ESDO1-NVL-COLLIDE

[(61A-% NVL ON SPMRC) AND
(51A-SPMRC-COLLISION)] OR
[(61A-% NVL ON SPMTT) AND
(51A-SPMTT-COLLISION)]

Crane drops object
on cask

Crane drops cask
(ordinary)

Crane drops cask
(two-block)

Collision of
suspended cask

Tipover of cask

IHF-ESD-01-NVL

ESDO01-NVL-DROPON

ESDO01-NVL-DROPON

ESDO1-NVL-DRP-CSK

(51A-CRN3-DROPNVL-CRN-DRP) AND
(51A-TRANSNSCTTLIFTNUMBER)

ESDO1-NVL-2BLK-
CSK

51A-CRN3-2-BLOCK-CRN-TBK AND
51A-TRANSNSCTTLIFTNUMBER

ESDO1-NVL-COL-CSK

51A-TC-IMPACT-SPM

ESDO1-NVL-TIPOVER

51A-OPTIPOVERO01-HFI-NOD

NOTE: ®This column may contain fault trees and basic events logically connected as noted. See Attachment B
for fault trees and Attachment C for basic events.

Source: Original

The following initiating events apply to both waste forms.

Railcar Derailment. This initiating event accounts for the potential impact to the transportation
cask on the railcar due to a derailment.

Conveyance Collision. This initiating event covers the potential impact to the transportation
cask on the conveyance due to a collision with another vehicle.
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The following initiating event applies only to HLW.

Truck Trailer Rollover. This initiating event accounts for the potential impact to the
transportation cask on the truck trailer due to a rollover. The fault tree accounts for the fraction
of casks received that are truck casks as opposed to rail casks. This fraction is set to O for naval
casks because naval casks will only arrive by rail. In addition, rollover is not considered possible
under the conditions inside the IHF. Therefore, the probability of truck rollover per truck cask
received is modeled as a single-event fault tree with guaranteed success (Section 6.0.3).

For this ESD, the following initiating events apply only to naval SNF.

Crane drops object on cask. This initiating event covers the potential impact to the
transportation cask due to the drop of a heavy object, such as an impact limiter, on the cask. The
initiating event is specified as a probability of object drop per cask.

Crane drops cask from operational height or below. This initiating event accounts for the
potential impact to the transportation cask due to having been dropped from the normal
operational height during transfer by the cask handling crane. The initiating event is specified as
a probability of a drop per cask.

Crane drops cask from above operational height. This initiating event accounts for the
potential impact to the transportation cask due to having been dropped from above the normal
operational height during transfer by the cask handling crane. The initiating event is specified as
a probability of a drop per cask.

Cask suspended from crane collides with facility structures or equipment. This initiating
event covers the potential impact to the transportation cask due to a collision of the cask due to
various causes. The initiating event is specified as a probability of impact per cask.

Cask tips over after having been removed from the railcar. This initiating event covers the
potential impact to the transportation cask due to a tipover. The initiating event is specified as a
probability of tipover per cask.

A4.1.2 System Response Event Tree IHF-RESP-TC1

The pivotal events that appear in IHF-RESP-TC1 are indicated below and summarized in
Section A3. The accompanying tables show the association of pivotal event names with basic
event or fault tree names.

TRANSCASK. Table A4.1-3 indicates the basic event that is associated with this pivotal event
for each initiating event.
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Table A4.1-3. Basic Event Associated with the TRANSCASK Pivotal Events of IHF-ESD-IHF-ESD-01

Initiator Event
Tree

Initiating Event Name

Name Assigned to
TRANSCASK

Associated Fault Tree or
Basic Event®

IHF-ESD-01-HLW

ESDO1-HLW-SPMRC
DERAIL

ESDO1-HLW-
SPMRCDERAIL-TC

51A-HLW-TCASK-FAIL-DERAL

ESDO1-HLW-TTROLL

ESDO1-HLW-SPMTTROLL-
TC

51A-HLW-TCASK-FAIL-ROLL

ESDO1-HLW-COLLIDE

ESDO1-HLW-COLLIDE-TC

51A-HLW-TCASK-FAIL-COLL

IHF-ESD-01-NVL

ESDO01-NVL-SPMRC
DERAIL

ESDO1-NVL-
SPMRCDERAIL-TC

51A-NVL-TC-FAIL-DERAIL

ESD0O1-NVL-COLLIDE

ESDO1-NVL-COLLIDE-TC

51A-NVL-TC-FAIL-COLLIDE

ESD01-NVL-DROPON

ESDO01-NVL-DROPON-TC

51A-NVL-TC-FAIL-DROPON

ESDO01-NVL-DRP-CSK

ESDO01-NVL-DRP-CSK-TC

51A-NVL-TC-FAIL-DROP

ESD01-NVL-2BLK-CSK

ESDO1-NVL-2BLK-CSK-TC

51A-NVL-TC-FAIL-2-BLOCK

ESD0O1-NVL-COL-CSK

ESDO01-NVL-COL-CSK-TC

51A-NVL-TC-FAIL-
OFFPMCOLL

ESDO1-NVL-TIPOVER

ESDO1-NVL-TIPOVER-TC

51A-NVL-TC-FAIL-TIP

NOTE:

Attachment C for basic events.

Source: Original

@ This column may contain fault trees and basic events. See Attachment B for fault trees and

CANISTER. Table A4.1-4 indicates the basic event that is associated with this pivotal event for
each initiating event.

Table A4.1-4. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-01

Initiator Event
Tree

Name Assigned to

Initiating Event Name

CANISTER

Associated Fault Tree or
Basic Event®

IHF-ESD-01-HLW

ESD01-HLW-SPMRC DERAIL

ESDO1-HLW-SPMTTROLL

ESDO01-HLW-COLLIDE

HLW-CAN-INCASK

51A-CAN-FAIL-IN-TC

IHF-ESD-01-NVL

ESDO01-NVL-SPMRC DERAIL

ESDO1-NVL-COLLIDE

ESD01-NVL-DROPON

ESDO1-NVL-DRP-CSK

ESDO1-NVL-2BLK-CSK

ESDO1-NVL-COL-CSK

ESDO1-NVL-TIPOVER

NVL-CAN-INCASK

51A-NVL-CAN-FAIL-IN-TC

NOTE:

Attachment C for basic events.

Source: Original

#This column may contain fault trees and basic events. See Attachment B for fault trees and
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SHIELDING. Table A4.1-5 indicates the basic event that is associated with this pivotal event
for each initiating event.

Table A4.1-5. Basic Event Associated with the SHIELDING Pivotal Events of IHF-ESD-01

Name Assigned to Associated Fault Tree or
Initiator Event Tree Initiating Event Name SHIELDING Basic Event®

IHF-ESD-01-HLW ESD01-HLW-SPMRC DERAIL HLW-TC-SHIELDS8 HLW-SHIELDING-FAILSS
ESDO1-HLW-SPMTTROLL
ESDO1-HLW-COLLIDE

IHF-ESD-01-NVL ESDO01-NVL-SPMRC DERAIL NVL-TC-SHIELD8 NVL-SHIELDING-FAILS8
ESDO01-NVL-COLLIDE NVL-TC-SHIELD8 NVL -SHIELDING-FAILSS8
ESD01-NVL-DROPON NVL-TC-SHIELDS NVL -SHIELDING-FAILS5
ESDO1-NVL-DRP-CSK NVL-TC-SHIELDS NVL -SHIELDING-FAILS5
ESDO1-NVL-2BLK-CSK NVL-TC-SHIELDS NVL -SHIELDING-FAILS5
ESDO01-NVL-COL-CSK NVL-TC-SHIELD8 NVL -SHIELDING-FAILSS8
ESDO1-NVL-TIPOVER NVL-TC-SHIELD8 NVL -SHIELDING-FAILSS8

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

CONFINEMENT. Table A4.1-6 specifies the fault tree or basic event that is associated with
this pivotal event for each initiating event.

Table A4.1-6. Basic Event Associated with the CONFINEMENT Pivotal Events of IHF-ESD-01

Initiator Event Name Assigned to Associated Fault Tree or
Tree Initiating Event Name CONFINEMENT Basic Event®
IHF-ESD-01-HLW ESD01-HLW-SPMRC DERAIL HVAC-CONF HVAC-CONFINEMENT-FAILS

ESDO1-HLW-SPMTTROLL
ESDO1-HLW-COLLIDE
IHF-ESD-01-NVL ESDO01-NVL-SPMRC DERAIL
ESD0O1-NVL-COLLIDE
ESD01-NVL-DROPON
ESDO01-NVL-DRP-CSK
ESD01-NVL-2BLK-CSK
ESD0O1-NVL-COL-CSK
ESDO1-NVL-TIPOVER

NOTE: @ This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

A-15 March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

MODERATOR. Table A4.1-7 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.1-7. Basic Event Associated with the MODERATOR Pivotal Events of IHF-ESD-01

Initiator Event
Tree

Initiating Event Name

Name Assigned to
MODERATOR

Associated Fault Tree or
Basic Event®

IHF-ESD-01-HLW

ESD01-HLW-SPMRC DERAIL

ESDO1-HLW-SPMTTROLL

ESDO1-HLW-COLLIDE

MOD-NOFIRE-HLW

MOD-NOFIRE-HLW-NOIMP

IHF-ESD-01-NVL

ESDO01-NVL-SPMRC DERAIL

ESD0O1-NVL-COLLIDE

ESD01-NVL-DROPON

ESDO01-NVL-DRP-CSK

ESD01-NVL-2BLK-CSK

ESD0O1-NVL-COL-CSK

ESDO1-NVL-TIPOVER

MOD-NOFIRE

(51A-OIL-MODERATOR) OR
(51A-FIRE-SUPPRESSION)
OR

(51A-OTHER-WATER)

NOTE: @ This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

A4.2 EVENT TREES FOR IHF-ESD-02

IHF-ESD-02 delineates the event sequences that arise after a mechanical challenge to the
transportation cask that occurs in the Cask Preparation Area during removal of impact limiters,
upending and transfer of the HLW cask to the CTT, and removal of impact limiters from the
naval transportation cask (Ref. 2.2.28, Figure F-2). This ESD covers two types of transportation
casks: naval and HLW. Corresponding to each type of cask is an initiator event tree
(Table A4.2-1). Although the initiator event trees transfer to the same system-response event
tree, it 1s customized within SAPHIRE for each initiator event tree by the use of basic rules. The
rules instruct SAPHIRE where to look for the fault tree that models each pivotal event. The
assignments made in the rules files are indicated in this section.

Table A4.2-1. Summary of Event Trees for IHF-ESD-02
Number of
Waste Form
Waste Form Unit Associated Event Trees Units
Transportation cask containing HLW canisters Initiator: IHF-ESD-02-HLW 600
Response: IHF-RESP-TCA1
Transportation cask containing a naval canister Initiator: IHF-ESD-02-NVL 400
Response: IHF-RESP-TCA1

Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)
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A4.2.1 Initiating Events for IHF-ESD-02

The following initiating events are associated with IHF-ESD-02. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.2-2.

Drop of HLW transportation cask from operational height or below. This initiating event
accounts for the potential impact to the transportation cask due to having been dropped from
below or at normal operational height during transfer by the cask handling crane. The initiating
event is specified as a probability of a drop per cask.

Drop of HLW transportation cask from above operational height. This initiating event
accounts for the potential impact to the transportation cask due to having been dropped from
above normal operational height during transfer by the cask handling crane. The initiating event
is specified as a probability of a drop per cask.

Unplanned conveyance movement causes HLW transportation cask impact due to collision
with equipment or structure. This initiating event covers the potential impact to the
transportation cask on the conveyance due to a collision with another vehicle.

Collision with equipment or structure involving side impact to HLW or naval
transportation cask (during transfer by crane). This initiating event covers the potential
impact to the transportation cask due to a collision of the cask due to various causes. The
initiating event is specified as a probability of impact per cask.

Drop of heavy object (such as handling equipment) onto the naval or HLW transportation
cask. This initiating event covers the potential impact to the transportation cask due to the drop
of a heavy object, such as an impact limiter, on the cask. The initiating event is specified as a
probability of object drop per cask.

HLW transportation cask tipover. This initiating event covers the potential impact to the
transportation cask due to a tipover. The initiating event is specified as a probability of tipover
per cask.

Table A4.2-2. Initiating Event Assignments for IHF-ESD-02

Initiating Event Initiator Event SAPHIRE Assignment SAPHIRE Assignment at
Description Tree by Basic Rules Fault Tree Level®

Drop of HLW IHF-ESD-02-HLW | ESD02-HLW-DROP (51A-#HLW-TC-LIFTS) AND
transportation cask from (51A-CRN3-DROPHLW-CRN-DRP)
operational height or
below
Drop of HLW IHF-ESD-02-HLW | ESD02-HLW-2BLK (51A-#HLW-TC-LIFTS) AND
transportation cask from (51A-CRN3-2-BLOCK-CRN-TBK)
above operational
height
Unplanned conveyance | IHF-ESD-02-HLW | ESD02-HLW-SPURMOVE | ESD02-HLW-SPURMOVE
movement

A-17 March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Table A4.2-2. Initiating Event Assignments for IHF-ESD-02 (Continued)

Initiating Event Initiator Event SAPHIRE Assignment SAPHIRE Assignment at
Description Tree by Basic Rules Fault Tree Level®
Collision with equipment | IHF-ESD-02-HLW | ESD02-HLW-SIDEIMP ESD02-HLW-SIDEIMP
or structure during IHF-ESD-02-NVL | ESD02-NVL-SIDEIMP ESD02-NVL-SIDEIMP
transfer by crane
Drop of heavy object IHF-ESD-02-HLW | ESD02-HLW-DROPON ESD02-HLW-DROPON
(such as handling IHF-ESD-02-NVL | ESD02-NVL-DROPON ESD02-NVL-DROPON
equipment) onto the
naval or HLW
transportation cask
HLW transportation IHF-ESD-02-HLW | ESD02-HLW-TIP-CSK 51A-OPTIPOVERO01-HFI-NOD
cask tipover

NOTE: ®This column may contain fault trees and basic events logically connected as noted. See Attachment B
for fault trees and Attachment C for basic events.

Source: Original
A4.2.2 System Response Event Tree IHF-RESP-TC1

The pivotal events that appear in IHF-RESP-TC1 are indicated below and summarized in
Section A3. The accompanying tables show the association of pivotal event names with basic
event or fault tree names.

TRANSCASK. Table A4.2-3 indicates the basic event that is associated with this pivotal event
for each initiating event.

Table A4.2-3. Basic Event Associated with the TRANSCASK Pivotal Events of IHF-ESD-02

Initiator Event Name Assigned to Associated Fault Tree or
Tree Initiating Event Name TRANSCASK Basic Event®

IHF-ESD-02-HLW | ESD02-HLW-DROP ESD02-HLW-DROP-TC 51A-HLW-TC-FAIL-DROP
ESD02-HLW-2BLK ESD02-HLW-2BLK-TC 51A-HLW-TC-FAIL-2BLK
ESD02-HLW-SPURMOVE | ESD02-HLW-SPUR-TC 51A-HLW-TC-FAIL-

SPURMOVE

ESD02-HLW-SIDEIMP ESD02-HLW-SIDEIMP-TC 51A-HLW-TC-FAIL-SIMP
ESD02-HLW-DROPON ESD02-HLW-DROPON-TC | 51A-HLW-TC-FAIL-DROPON
ESD02-HLW-TIP-CSK ESD02-HLW-TIP-CSK-TC 51A-HLW-TC-FAIL-TIPOVER

IHF-ESD-02-NVL | ESD02-NVL-SIDEIMP ESD02-NVL-SIDEIMP-TC 51A-NVL-TC-FAIL-SIMP
ESD02-NVL-DROPON ESD02-NVL-DROPON-TC 51A-NVL-TC-FAIL-DROPON

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
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CANISTER. Table A4.2-4 indicates the basic event that is associated with this pivotal event for
each initiating event.

Table A4.2-4. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-02

Initiator Event Tree

Initiating Event Name

Name Assigned to
CANISTER

Associated Fault Tree or
Basic Event®

IHF-ESD-02-HLW

ESD02-HLW-DROP

ESD02-HLW-2BLK

ESD02-HLW-SPURMOVE

ESD02-HLW-SIDEIMP

ESD02-HLW-DROPON

ESD02-HLW-TIP-CSK

HLW-CAN-INCASK

51A-CAN-FAIL-IN-TC

IHF-ESD-02-NVL

ESD02-NVL-SIDEIMP

ESD02-NVL-DROPON

NVL-CAN-INCASK

51A-CAN-FAIL-IN-TC

NOTE:

Attachment C for basic events.

Source: Original

@This column may contain fault trees and basic events. See Attachment B for fault trees and

SHIELDING. Table A4.2-5 indicates the basic event that is associated with this pivotal event
for each initiating event.

Table A4.2-5. Basic Event Associated with the SHIELDING Pivotal Events of IHF-ESD-02

Initiator Event Tree

Initiating Event Name

Name Assigned to
SHIELDING

Associated Fault Tree or
Basic Event®

IHF-ESD-02-HLW

ESD02-HLW-DROP

HLW-TC-SHIELD5

HLW-SHIELDING-FAILS5

ESD02-HLW-2BLK

HLW-TC-SHIELD5

HLW-SHIELDING-FAILS5

ESD02-HLW-SPURMOVE

HLW-TC-SHIELDS8

HLW-SHIELDING-FAILSS

ESD02-HLW-SIDEIMP

HLW-TC-SHIELDS8

HLW-SHIELDING-FAILSS

ESD02-HLW-DROPON

HLW-TC-SHIELD5

HLW-SHIELDING-FAILS5

ESDO02-HLW-TIP-CSK

HLW-TC-SHIELDS8

HLW-SHIELDING-FAILSS

IHF-ESD-02-NVL

ESDO02-NVL-SIDEIMP

NVL-TC-SHIELD8

NAVAL-SHIELDING-FAILS8

ESD02-NVL-DROPON

NVL-TC-SHIELDS

NAVAL-SHIELDING-FAILSS

NOTE:

Attachment C for basic events.

Source: Original

*This column may contain fault trees and basic events. See Attachment B for fault trees and
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CONFINEMENT. Table A4.2-6 specifies the fault tree or basic event that is associated with
this pivotal event for each initiating event.

Table A4.2-6. Basic Event Associated with the CONFINEMENT Pivotal Events of IHF-ESD-02

Name Assigned to Associated Fault Tree or
Initiator Event Tree Initiating Event Name CONFINEMENT Basic Event®
IHF-ESD-02-HLW ESD02-HLW-DROP HVAC-CONF HVAC-CONFINEMENT-FAILS

ESD02-HLW-2BLK
ESD02-HLW-SPURMOVE
ESD02-HLW-SIDEIMP
ESD02-HLW-DROPON
ESDO02-HLW-TIP-CSK
IHF-ESD-02-NVL ESD02-NVL-SIDEIMP
ESD02-NVL-DROPON

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

MODERATOR. Table A4.2-7 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.2-7. Basic Event Associated with the MODERATOR Pivotal Events of IHF-ESD-02

Initiator Event Name Assigned to Associated Fault Tree or
Tree Initiating Event Name MODERATOR Basic Event®
IHF-ESD-02-HLW ESD02-HLW-DROP MOD-NOFIRE-HLW MOD-NOFIRE-HLW-NOIMP

ESD02-HLW-2BLK
ESD02-HLW-SPURMOVE
ESD02-HLW-SIDEIMP
ESD02-HLW-DROPON
ESD02-HLW-TIP-CSK

IHF-ESD-02-NVL ESD02-NVL-SIDEIMP MOD-NOFIRE (51A-OIL-MODERATOR) OR
ESDO2-NVL-DROPON (OS;"A—FIRE—SUPPRESSION)
(51A-OTHER-WATER)

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
A4.3 EVENT TREES FOR IHF-ESD-03

This ESD delineates the event sequences that arise after a mechanical challenge to the HLW
transportation cask that occurs in the Cask Preparation Area during cask preparation activities
involving the cask preparation crane (Ref. 2.2.28, Figure F-3). This ESD applies to the HLW
transportation casks (Table A4.3-1). Although the initiator event trees transfer to the same
response tree, the response tree is customized within SAPHIRE for each initiator event tree by
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the use of basic rules. The rules instruct SAPHIRE where to look for the fault tree that models
each pivotal event. The assignments made in the rules files are indicated in this section.

Table A4.3-1.  Summary of Event Trees for IHF-ESD-03

Number of
Waste Form Unit Associated Event Trees Waste Form Units
Transportation cask containing HLW Initiator: IHF-ESD-03-HLW 600
canisters Response: IHF-RESP-TCA1

Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)
A4.3.1 Initiating Events for IHF-ESD-03

The following initiating events are associated with IHF-ESD-03. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.3-2.

Cask Tipover. This initiating event covers the potential impact to the transportation cask due to
a tipover. The initiating event is specified as a probability of tipover per cask.

Collision Involving Side Impact to Cask. This initiating event covers the potential impact to
the transportation cask due to a collision of the cask due to various causes. The initiating event
is specified as a probability of impact per cask.

Object Dropped on Cask. This initiating event covers the potential impact to the transportation
cask due to the drop of a heavy object, such as an impact limiter, on the cask. The initiating
event is specified as a probability of object drop per cask.

Table A4.3-2. Initiating Event Assignments for IHF-ESD-03

Initiating Event Initiator Event SAPHIRE Assignment SAPHIRE Assignment at
Description Tree by Basic Rules Fault Tree Level®
Cask tipover IHF-ESD-03-HLW ESDO03-HLW-CASKTIP ESDO03-HLW-CASKTIP
Side impact ESDO03-HLW-SIMPACT | ESDO3-HLW-SIMPACT
Object dropped on cask ESD03-HLW-DROPON | ESD03-HLW-DROPON

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
A4.3.2 System Response Event Tree IHF-RESP-TC1

The pivotal events that appear in IHF-RESP-TC1 are indicated below and summarized in
Section A3. The accompanying tables show the association of pivotal event names with basic
event or fault tree names.

TRANSCASK. Table A4.3-3 indicates the basic event that is associated with this pivotal event
for each initiating event.
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Table A4.3-3. Basic Event Associated with the TRANSCASK Pivotal Events of IHF-ESD-03

Initiator Event Tree

Initiating Event

Name Assigned to
TRANSCASK

Associated Fault Tree or
Basic Event®

IHF-ESD-03-HLW

ESDO3-HLW-CASKTIP

ESDO3-HLW-CASKTIP-TC

51A-HLW-TC-TIPOVER

ESDO3-HLW-SIMPACT

ESDO3-HLW-SIMPACT-TC

51A-HLW-TC-FAIL-SIMP

ESD03-HLW-DROPON

ESDO03-HLW-DROPON-TC

51A-HLW-TC-FAIL-DROPON

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

CANISTER. Table A4.3-4 indicates the basic event that is associated with this pivotal event for
each initiating event.

Table A4.3-4. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-03

Associated Fault Tree or
Basic Event®

51A-CAN-FAIL-IN-TC

Name Assigned to
CANISTER

HLW-CAN-INCASK

Initiator Event Tree
IHF-ESD-03-HLW

Initiating Event
ESD03-HLW-CASKTIP
ESDO3-HLW-SIMPACT
ESD03-HLW-DROPON

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

SHIELDING. Table A4.3-5 indicates the basic event that is associated with this pivotal event
for each initiating event.

Table A4.3-5. Basic Events Associated with the SHIELDING Pivotal Events of IHF-ESD-03

Associated Fault Tree or
Basic Event®

HLW-SHIELDING-FAILSS
HLW-SHIELDING-FAILSS
HLW-SHIELDING-FAILS5

Name Assigned to
SHIELDING

HLW-TC-SHIELDS8
HLW-TC-SHIELDS8
HLW-TC-SHIELD5

Initiator Event Tree
IHF-ESD-03-HLW

Initiating Event
ESD03-HLW-CASKTIP
ESDO3-HLW-SIMPACT
ESD03-HLW-DROPON

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

CONFINEMENT. Table A4.3-6 specifies the fault tree or basic event that is associated with
this pivotal event for each initiating event.
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Table A4.3-6. Basic Event Associated with the CONFINEMENT Pivotal Events of IHF-ESD-03

Name Assigned to Associated Fault Tree or
Initiator Event Tree Initiating Event CONFINEMENT Basic Event®
IHF-ESD-03-HLW ESDO03-HLW-CASKTIP HVAC-CONF HVAC-CONFINEMENT-FAILS

ESDO3-HLW-SIMPACT
ESD03-HLW-DROPON

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

MODERATOR. Table A4.3-7 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.3-7. Basic Event Associated with the MODERATOR Pivotal Events of IHF-ESD-03

Name Assigned to Associated Fault Tree or
Initiator Event Tree Initiating Event MODERATOR Basic Event®
IHF-ESD-03-HLW ESDO03-HLW-CASKTIP MOD-NOFIRE-HLW MOD-NOFIRE-HLW-NOIMP

ESDO3-HLW-SIMPACT
ESD03-HLW-DROPON

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
A4.4 EVENT TREES FOR IHF-ESD-04

IHF-ESD-04 covers event sequences that arise after a mechanical challenge to the naval canister
inside the transportation cask associated with removal of the cask lid (Ref. 2.2.28, Figure F-4).
This includes event sequences that arise during removal of the lid and other actions to prepare
the canister for removal from the cask (Figure F-4 and Section 6.1.2.7, Node 7). This ESD
applies to the naval transportation cask containing a single naval SNF canister. Although the
initiator event trees transfer to the same response tree, the response tree is customized within
SAPHIRE for each initiator event tree by the use of basic rules (Table A4.4-1). The rules
instruct SAPHIRE where to look for the fault tree that models each pivotal event. The
assignments made in the rules files are indicated in this section.

Table A4.4-1. Summary of Event Trees for IHF-ESD-04

Number of
Waste Form Units Associated Event Trees Waste Form Units
Unsealed transportation cask containing a naval Initiator: IHF-ESD-04-NVL 400
canister Response: IHF-RESP-CAN1

Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)
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A4.4.1 Initiating Events for IHF-ESD-04

The following initiating events are associated with IHF-ESD-04. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.4-2.

Side Impact to Cask. This initiating event covers an impact to the side of the cask due to
improper movement by the cask preparation crane. The probability of this initiating event per
cask received is modeled as a fault tree and is discussed in Attachment B. The initiating event is
specified as a probability of a tipover per cask handled.

Drop of Heavy Load onto Cask. This initiating event covers the drop of a heavy object onto
the cask by the cask preparation crane. The probability of this initiating event per cask received
is modeled as a fault tree and is discussed in Attachment B. The initiating event is specified as a
probability of a drop per cask.

Cask Tipover. This initiating event covers a tipover of the unsealed transportation cask due to
an improper interaction of the cask or cask transfer trolley with the cask handling crane or cask
preparation crane (Table A4.4-2). The probability of this initiating event per cask received is
modeled as a fault tree and is discussed in Attachment B. The initiating event is specified as a
probability of a tipover per cask.

Table A4.4-2. Initiating Event Assignments for IHF-ESD-04

SAPHIRE Assighment SAPHIRE Assignment at
Initiating Event Description | Initiator Event Tree by Basic Rules Fault Tree Level®
Side impact IHF-ESD-04-NVL ESD04-NVL-SIMPACT ESD04-NVL-SIMPACT
Drop of heavy load onto cask ESD04-NVL-DROPON ESD04-NVL-DROPON
Cask tipover ESD04-NVL-CASKTIP ESD04-NVL-CASKTIP

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
A4.4.2 System Response Event Tree IHF-RESP-CAN1

The pivotal events that appear in IHF-RESP-CANI1 are listed below and summarized in
Section A3. The accompanying tables show the association of pivotal event names with basic
event or fault tree names.

CANISTER. Table A4.4-3 indicates the basic events that are associated with this pivotal event
for each initiating event.
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Table A4.4-3. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-04

Associated Fault Tree or
Basic Event®

51A-NVL-TC-FAIL-SIMP
51A-NVL-CAN-FAIL-DROPON
51A-NVL-TC-FAIL-TIP

Name Assigned to
CANISTER

ESD04-NVL-SIMPACT-TC
ESD04-NVL-DROPON-CAN
ESD04-NVL-CASKTIP-TC

Initiator Event
Tree

IHF-ESD-04-NVL

Initiating Event Name
ESD04-NVL-SIMPACT
ESD04-NVL-DROPON
ESD04-NVL-CASKTIP

@This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

NOTE:

Source: Original
SHIELDING. Table A4.4-4 indicates the basic event that is associated with this pivotal event
for each initiating event.

Table A4.4-4. Basic Event Associated with the SHIELDING Pivotal Events of IHF-ESD-04

Associated Fault Tree or

Name Assigned to
Basic Event®

Initiator Event
SHIELDING

Tree Initiating Event Name

IHF-ESD-04-NVL

ESDO04-NVL-SIMPACT

NVL-TC-SHIELD8

NAVAL-SHIELDING-FAILS8

ESD04-NVL-DROPON

NVL-TC-SHIELDS

NAVAL-SHIELDING-FAILSS

ESD04-NVL-CASKTIP

NVL-TC-SHIELD8

NAVAL-SHIELDING-FAILS8

*This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

NOTE:

Source: Original

CONFINEMENT. Table A4.4-5 specifies the fault tree or basic event that is associated with
this pivotal event for each initiating event.

Table A4.4-5. Basic Event Associated with the CONFINEMENT Pivotal Events of IHF-ESD-04

Associated Fault Tree or
Basic Event®

HVAC-CONFINEMENT-FAILS

Name Assigned to
CONFINEMENT

HVAC-CONF

Initiator Event
Tree

IHF-ESD-04-NVL

Initiating Event Name
ESD04-NVL-SIMPACT
ESD04-NVL-DROPON
ESD04-NVL-CASKTIP

*This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

NOTE:

Source: Original

MODERATOR. Table A4.4-6 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.
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Table A4.4-6. Basic Event Associated with the MODERATOR Pivotal Events of IHF-ESD-04

Initiator Event Name Assigned to Associated Fault Tree or
Tree Initiating Event Name MODERATOR Basic Event”
IHF-ESD-04-NVL | ESD04-NVL-SIMPACT MOD-NOFIRE (51A-OIL-MODERATOR) OR
| _ (51A-FIRE-SUPPRESSION) OR
ESD04-NVL-DROPON (51A-OTHER-WATER)
ESD04-NVL-CASKTIP

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
A4.5S EVENT TREES FOR IHF-ESD-05

IHF-ESD-05 covers event sequences that arise after a mechanical challenge to a loaded CTT that
occurs during movement of the CTT from the Cask Preparation Area to the Cask Unloading
Room (Ref. 2.2.28, Figure F-5). This ESD applies to the following waste forms:

e Naval SNF canister in a transportation cask
e HLW canister in a transportation cask.

Table A4.5-1 summarizes the event trees for IHF-ESD-05. Although all of the initiating events
in the initiator event tree transfer to the same response tree, the response tree is customized
within SAPHIRE for each initiating event by the use of basic rules. The rules instruct SAPHIRE
where to look for the fault tree that models each pivotal event. The assignments made in the
rules files are indicated in this section.

Table A4.5-1. Summary of Event Trees for IHF-ESD-05

Number of
Waste Form Units Associated Event Trees Waste Form Units
Transportation cask containing Initiator: IHF-ESD-05-HLW 600
HLW canisters Response: IHF-RESP-CAN2-HLW
Transportation cask containing a Initiator: IHF-ESD-05-NVL 400
naval canister Response: IHF-RESP-CAN2-NVL

NOTE: HLW = high-level radioactive waste.
Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)

A4.5.1 Initiating Events for IHF-ESD-05

The following initiating events are associated with IHF-ESD-05. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.5-2.

CTT or cask catches crane hook or rigging resulting in impact to cask. This initiating event
addresses an impact to the cask caused by the crane operator during the movement of HLW.
This is an HFE event described in Attachment E. The initiating event is specified as a probability
of a side impact per cask handled.
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CTT impact collision with another vehicle, facility structures, or equipment (except shield
door). This initiating event addresses a collision either as a result of moving the CTT from the
Cask Preparation Room to the Cask Unloading Room or with another vehicle operating in the
IHF. The initiating event is specified as a probability of a collision with vehicle, facility
structures or equipment per cask handled.

Table A4.5-2. Initiating Event Assignments for IHF-ESD-05

Initiating Event Initiating Event SAPHIRE Assignment by SAPHIRE Assignment at
Description Name Basic Rules Fault Tree Level®
CTT or cask catches IHF-ESD-05-HLW | ESDO5-HLW-CTT-IMPACT | 51A-OPIMPACTO0000-HFI-NOD

crane hook or rigging,
resulting in impact to cask

CTT impact collision with ESD05-HLW-CTT-COLLIDE | 51A-OPCTCOLLIDE2-HFI-NOD
another vehicle, facility OR
structures, or equipment 51A CTT-FAIL-STOP

(except shield door)

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events; CTT = cask transfer trolley.

Source: Original

A4.5.2 System Response Event Tree IHF-RESP-CAN2-HLW and IHF-RESP-
CAN2-NVL

The pivotal events that appear in IHE-RESP-CAN2-HLW and IHF-RESP-NVL are summarized
below. The accompanying tables show the association of pivotal event names with basic event
or fault tree names. The pivotal events are summarized in Section A3.

CANISTER. Table A4.5-3 indicates the basic event that is associated with this pivotal event for
each initiating event.

Table A4.5-3. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-05

Initiator Event Name Assigned to Associated Fault Tree or
Tree Initiating Event Name CANISTER Basic Event®
IHF-ESD-05- ESDO5-HLW-CTT-IMPACT ESDO5-HLW-IMPACT-TC | 51A-HLW-CANTC-FAIL-IMP
HLW ESDO05-HLW-CTT-COLLIDE | ESD05-HLW-COLLIDE-TC | 51A-HLW-CANTC-FAIL-

COLL

IHF-ESD-05-NVL | ESDOS-NVL-CTT-IMPACT ESDO05-NVL-IMPACT-TC 51A-NVL-CANTC-FAIL-IMP
ESDO05-NVL-CTT-COLLIDE | ESD05-NVL-COLLIDE-TC | 51A-NVL-CANTC-FAIL-COLL

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
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SHIELDING. Table A4.5-4 indicates the basic event that is associated with this pivotal event
for each initiating event.

Table A4.5-4. Basic Events Associated with the SHIELDING Pivotal Events of IHF-ESD-05

Name Assigned to Associated Fault Tree or
Initiator Event Tree Initiating Event Name SHIELDING Basic Event®
IHF-ESD-05-HLW ESDO5-HLW-CTT-IMPACT HLW-TC-SHIELDS8 HLW-SHIELDING-FAILS8
ESDO5-HLW-CTT-COLLIDE
IHF-ESD-05-NVL ESDO5-NVL-CTT-IMPACT NVL-TC-SHIELD8 NAVAL-SHIELDING-
ESDO5-NVL-CTT-COLLIDE FAILSS

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

CONFINEMENT. Table A4.5-5 indicates the basic event that is associated with this pivotal
event for each initiating event.

Table A4.5-5. Basic Events Associated with the CONFINEMENT Pivotal Events of IHF-ESD-05

Initiating Name Assigned to Associated Fault Tree or
Initiator Event Tree Event Name CONFINEMENT Basic Event®
IHF-ESD-05-HLW ESDO5-HLW-CTT-IMPACT | HVAC-CONF HVAC-CONFINEMENT-FAILS
ESDO5-HLW-CTT-COLLIDE
IHF-ESD-05-NVL ESDO5-NVL-CTT-IMPACT
ESDO5-NVL-CTT-COLLIDE

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

MODERATOR. Table A4.5-6 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.5-6. Basic Events Associated with the MODERATOR Pivotal Events of IHF-ESD-05

Initiator Event Name Assigned Associated Fault Tree or
Tree Initiating Event Name to MODERATOR Basic Event®
[HF-ESD-05-HLW ESDOS5-HLW-CTT-IMPACT MOD-NOFIRE MOD-NOFIRE-HLW-NOIMP
ESDO5S-HLW-CTT-COLLIDE
IHF-ESD-05-NVL ESDO5-NVL-CTT-IMPACT MOD-NOFIRE (51A-OIL-MODERATOR) OR
ESDO5-NVL-CTT-COLLIDE glﬁ-ﬁﬁfgﬂﬁgﬁgéf?yﬁ)

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
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A4.6 EVENT TREES FOR IHF-ESD-06

IHF-ESD-06 covers event sequence for a mechanical challenge from a CTT moving either a
HLW or NVL transportation cask and colliding with the Cask Unloading Room shield door
(Ref. 2.2.28, Figure F-6). For the CTT, the shield door involved is the door from the Cask
Preparation Area to the Cask Unloading Room. Corresponding to each type of cask is an
initiator event tree (Table A4.6-1).

The conveyance could collide into a stationary shield door or a moving shield door could collide
into the conveyance. Since the shield doors are designed in accordance with the applicable
provisions of American National Standard Specification for the Design, Fabrication, and
Lrection of Steel Safety-Related Structures for Nuclear Facilities (Ref. 2.2.9) to withstand the
load and acceleration produced by a DBGM-2 seismic event, it is reasonable to conclude that the
shield doors would remain attached to their moorings in the event of a slow speed (maximum of
2.5 mph) collision of a conveyance with the shield door. Therefore the analysis only evaluates
the impact of a moving shield door with the conveyance.

Although the initiator event tree transfers to the same response tree, the response tree is
customized within SAPHIRE for each initiator event tree by the use of basic rules. The rules
instruct SAPHIRE where to look for the fault tree that models each pivotal event. The
assignments made in the rules files are indicated in this section.

Table A4.6-1. Summary of Event Trees for IHF-ESD-06

Number of
Waste Form Unit Associated Event Trees Waste Form Units
Transportation cask containing multiple Initiator: IHF-ESD-06-HLW 100
HLW canisters Response: IHF-ESD-06-HLW
Transportation cask containing a single Initiator: IHF-ESD-06-HLW 500
HLW canister Response: IHF-ESD-06-HLW
Transportation cask containing a Naval Initiator: IHF-ESD-06-NVL 400
canister Response: IHF-ESD-06-NVL

NOTE: HLW = high-level radioactive waste.
Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)

A4.6.1 Initiating Events for IHF-ESD-06

The following initiating events are associated with IHF-ESD-06. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.6-2.

Mechanical Challenge to a Transportation Cask. This initiating event represents a potential
impact to the transportation cask from a CTT collision with the Cask Unloading Room shield
door. The probability of impact per transfer is described in Attachment B. The initiating event
is specified as a probability of a drop per cask.
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Table A4.6-2. Initiating Event Assignments for IHF-ESD-06

Initiating Event SAPHIRE Assignment SAPHIRE Assignment at
Description Initiator Event Tree by Basic Rules Fault Tree Level
Mechanical challenge from | IHF-ESD-06-HLW ESDO6-HLW-IMPACT
CTT collision with shield
door IHF-ESD-06-NVL ESDO8-NVL-IMPACT 51A-CTT-COLLIDE-SDR

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events; CTT = cask transfer trolley.

Source: Original
A4.6.2 System Response Event Tree IHF-ESD-06

The pivotal events that appear in IHF-ESD-06 are listed and summarized below. The
accompanying tables show the association of pivotal event names with basic event or fault tree
names.

CELL-DOOR. The conditional probability that the CTT collides with shield door for all waste
forms and initiating events as shown in Table A4.6-3.

Table A4.6-3. Fault Trees Associated with the CELL-DOOR Pivotal Events of IHF-ESD-06

Initiator Event Initiating Event Name Assigned to Associated Fault Tree or
Tree Name CELL-DOOR Basic Event®

IHF-ESD-06-HLW | ESD06-HLW-IMPACT | ESDO6-HLW-IMPACT-DOORFAI | 51A-DOORFAIL-IMPACT
IHF-ESD-06-NVL ESDO6-NVL-IMPACT | ESDO6-NVL-IMPACT-DOORFAI | 51A-NVL-DOOR-FAILS

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

CONTAINMENT. Table A4.6-4 indicates the basic event that is associated with this pivotal
event for each initiating event.

Table A4.6-4. Fault Trees Associated with the CONTAINMENT Pivotal Events of IHF-ESD-06

Initiator Event Name Assigned to Associated Fault Tree or
Tree Initiating Event Name CONTAINMENT Basic Event®
IHF-ESD-06-HLW ESDB-HLW-IMPACT ESDB-HWL-IMPACT-CONT 51A-HLW-CONT-FAIL-IMP
IHF-ESD-06-NVL ESDB-NVL-IMPACT ESDB-NVL-IMPACT-CONT 51A-NVL-CONT-FAIL-IMP

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

SHIELDING. Table A4.6-5 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.
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Table A4.6-5. Fault Trees Associated with the SHIELDING Pivotal Events of IHF-ESD-06

Initiator Event
Tree

Initiating Event Name

Name Assigned to
SHIELDING

Associated Fault Tree or
Basic Event®

IHF-ESD-06-HLW

ESDO6-HLW-IMPACT

HLW-TC-SHIELDS8

HLW-SHIELDING-FAILSS

IHF-ESD-06-NVL

ESDO6-NVL-IMPACT

NVL-TC-SHIELD8

NVL-SHIELDING-FAILS8

NOTE:

Attachment C for basic events.

Source: Original

#This column may contain fault trees and basic events. See Attachment B for fault trees and

CONFINEMENT. Table A4.6-6 indicates the basic event that is associated with this pivotal
event for each initiating event.

Table A4.6-6. Fault Trees Associated with the CONFINEMENT Pivotal Events of IHF-ESD-06

Initiator Event
Tree

Initiating Event Name

Name Assigned to
CONFINEMENT

Associated Fault Tree or
Basic Event®

IHF-ESD-06-HLW
IHF-ESD-06-NVL

ESDO6-HLW-IMPACT

ESDO06-NVL-IMPACT

HVAC-CONF

HVAC-CONFINEMENT-FAILS

NOTE:

Attachment C for basic events.

Source: Original

®This column may contain fault trees and basic events. See Attachment B for fault trees and

MODERATOR. Table A4.6-7 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.6-7.

Fault Trees Associated with the MODERATOR Pivotal Events of IHF-ESD-06

Initiator Event
Tree

Initiating Event Name

Name Assigned to
MODERATOR

Associated Fault Tree or
Basic Event®

IHF-ESD-06-HLW

ESDO06-HLW-IMPACT

MOD-NOFIRE-HLW

MOD-NOFIRE-HLW-NOIMP

IHF-ESD-06-NVL

ESDO6-NVL-IMPACT

MOD-NOFIRE

(51A-OIL-MODERATOR) OR
(51A-OTHER-WATER) OR
(51A-FIRE-SUPPRESSION)

NOTE:

Attachment C for basic events.

Source: Original

A4.7 EVENT TREES FOR IHF-ESD-07

#This column may contain fault trees and basic events. See Attachment B for fault trees and

IHF-ESD-07 covers event sequences associated with the transfer of a canister from a TC to WP
with the CTM (Ref. 2.2.28, Figure F-7). This ESD covers all canister types. Corresponding to
each canister type is an initiator event tree (Table A4.7-1). Although the initiator event trees
transfer to the same response tree, the response tree is customized within SAPHIRE for each
initiator event tree by the use of basic rules. The rules instruct SAPHIRE where to look for the
fault tree that models each pivotal event. The assignments made in the rules files are indicated in

this section.
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Table A4.7-1. Summary of Event Trees for IHF-ESD-07

Number of
Waste Form Unit Associated Event Trees Waste Form Units
Transportation cask containing multiple Initiator: IHF-ESD-07-HLW 100
HLW canisters Response: IHF-RESP-CAN1
Transportation cask containing a single Initiator: IHF-ESD-07-HLW 500
HLW canister Response: IHF-RESP-CAN1
Transportation cask containing a naval Initiator: IHF-ESD-07-NVL 400
canister Response: IHF-RESP-CAN1

NOTE: HLW = high-level radioactive waste.

Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)
A4.7.1 Initiating Events for IHF-ESD-07

The following initiating events are associated with IHF-ESD-07. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.7-2. The
initiating events are specified as frequency of occurrence per canister.

Impact Associated with Lid Removal. This initiating event covers the potential impact during
HLW cask lid removal due to a human failure to remove all of the lid bolts.

Canister Drop from Operational Height. This initiating event accounts for the potential
impact to the canister due to having been dropped from the normal operational height during
transfer by the CTM.

Impact to Canister due to Conveyance Movement. This initiating event covers the potential
impact to the canister due to untimely movement of the CTT, site transporter, or WPTT during
loading or unloading of the canister.

Side Impact to Canister. This initiating event covers the potential impact to the canister due to
a CTM collision.

Object Dropped on Canister. This initiating event covers the potential impact to the canister
due to the drop of a heavy object (e.g., cask lid) by the CTM.

Canister Drop inside Bell. This initiating event accounts for the potential impact to the canister
due to having been dropped on the second floor during horizontal transfer by the CTM.

Canister Drop above Operational Height. This initiating event accounts for the potential
impact to the canister due to having been dropped from above the normal operational height
during transfer by the CTM.

Canister Collision or Impact. This initiating event accounts for a potential canister collision or
impact.
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Table A4.7-2.

Initiating Event Assignments for IHF-ESD-07

Initiator Event
Tree

Initiating Event
Description

SAPHIRE Assighment
by Basic Rules

SAPHIRE Assignment at
Fault Tree Level’

Transfer of a IHF-ESD-07-HLW
Canister froma TC

to a WP with CTM

ESDO07-HLW-DROPON

51A-CTMOBJLIFTNUMBER-HLW AND
51A-CTM-HLW-DROPON

ESDO7-HLW-IMPACT

51A-7-CTT-SPURMOVE
OR
51A-7-WPTT-SPURMOVE
OR

CTM-SHEAR

ESD0O7-HLW-DROP

51A-LIFTS-PER-HLW-CAN
AND
51A-CTM-DROP

ESDO7-HLW-2BLK

51A-LIFTS-PER-HLW-CAN AND
CTM-2-BLOCK

ESDO7-HLW-SIDEIMP

51A-LIFTS-PER-HLW-CAN AND
51A-SLIDEGATECLOSES-CAN

ESDO7-HLW-
COLLISION

CTM-COLLISION

ESD07-HLW-DROPIN

ESDO7-HLW-DROPIN

ESDO7-HLWW-LIDIMP

ESDO7-HLW-LIDIMP

IHF-ESD-07-NVL

ESD07-NVL-DROPON

ESDO7-NVL-DROPON

ESDO7-NVL-IMPACT

51A-7-CTT-SPURMOVE
OR
51A-7-WPTT-SPURMOVE
OR

CTM-SHEAR

ESDO07-NVL-DROP

51A-LIFTS-PER-NVL-CAN AND
51A-CTM-DROP

ESDO7-NVL-2BLK

51A-LIFTS-PER-NVL-CAN
AND
CTM-2-BLOCK

ESDO07-NVL-SIDEIMP

51A-LIFTS-PER-NVLCAN AND
51A-SLIDEGATECLOSES-CAN

ESD0O7-NVL-COLLISION

CTM-COLLISION

ESD07-NVL-DROPIN

ESDO7-NVL-DROPIN

NOTE:

*This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events; CTM = canister transfer machine; TC = transportation cask; WP = waste

package.

Source: Original

A4.7.2 Pivotal Events

The pivotal events that appear in the event tree are listed below and summarized in Section A3.
The accompanying tables show the association of pivotal event names with basic event or fault

tree names.

CANISTER. Table A4.7-3 specifies the fault tree or basic event that is associated with this

pivotal event for each initiating event.
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Table A4.7-3. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-07

Initiator Associated Fault Tree or
Event Tree Initiator Event Name Name Assigned to CANISTER Basic Event’
IHF-ESD- | ESDO7-HLW-DROPON ESDO7-HLW-DROPON-CAN 51A-HLW-CAN-FAIL-DROPON
07-HLW ESDO7-HLW-IMPACT ESDO7-HLW-IMPACT-CAN 51A-HLW-CAN-FAIL-IMPACT

ESDO7-HLW-DROP ESDO7-HLW-DROP-CAN 51A-HLW-CAN-FAIL-DROP
ESDO7-HLW-2BLK ESDO7-HLW-2BK-CAN 51A-HLW-CAN-FAIL-2BLK
ESDO7-HLW-SIDEIMP ESDO7-HLW-SIDEIMP-CAN 51A-HLW-CAN-FAIL-SIMP
ESDO7-HLW-COLLISION | ESDO7-HLW-COLLISION-CAN | 51A-HLW-CAN-FAIL-COLL
ESDO07-HLW-DROPIN ESDO7-HLW-DROPIN-CAN 51A-HLW-CAN-FAIL-DROPIN
ESDO7-HLWW-LIDIMP ESDO7-HLW-LIDIMP-CAN 51A-HLW-CAN-FAIL-LID
IHF-ESD- | ESDO7-NVL-DROPON ESDO7-NVL-DROPON-CAN 51A-NVL-CAN-FAIL-DROPON
07-NVL ESDO7-NVL-IMPACT ESDO7-NVL-IMPACT-CAN 51A-NVL-CAN-FAIL-IMPACT
ESDO07-NVL-DROP ESDO07-NVL-DROP-CAN 51A-NVL-CAN-FAIL-DROP
ESDO7-NVL-2BLK ESDO7-NVL-2BLK-CAN 51A-NVL-CAN-FAIL-2BLK
ESDO7-NVL-SIDEIMP ESDO07-NVL-SIDEIMP-CAN 51A-NVL-CAN-FAIL-SIMP
ESDO7-NVL-COLLISION | ESDO7-NVL-COLLISION-CAN | 51A-NVL-CAN-FAIL-COLL
ESDO07-NVL-DROPIN ESDO07-NVL-DROPIN-CAN 51A-NVL-CAN-FAIL-DROPIN
NOTE: *This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

SHIELDING. Table A4.7-4 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.7-4. Basic Events Associated with the SHIELDING Pivotal Events of IHF-ESD-07

Initiator Event Tree

Initiator Event Name

Name Assigned to
CONTAINMENT

Associated Fault Tree or
Basic Event®

IHF-ESD-07-HLW

ESDO7-HLW-DROPON

CTM-SHIELDING

ESDO7-HLW-IMPACT

ESDO7-HLW-DROP

ESDO7-HLW-2BLK

ESDO7-HLW-SIDEIMP

ESDO7-HLW-COLLISION

ESDO7-HLW-DROPIN

IHF-ESD-07-NVL

ESDO7-NVL-DROPON

ESDO7-NVL-IMPACT

ESDO7-NVL-DROP

ESDO07-NVL-2BLK

ESDO7-NVL-SIDEIMP

ESDO7-NVL-COLLISION

51A-CTM-SHIELD-DEGRADE

NOTE:

Attachment C for basic events.

Source: Original
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CONFINEMENT. Table A4.7-5 specifies the fault tree or basic event that is associated with
this pivotal event for each initiating event.

Table A4.7-5. Basic Events Associated with the CONFINEMENT Pivotal Events of IHF-ESD-07

Initiator Event Tree

Initiator Event Name

Name Assigned to
CONFINEMENT

Associated Fault Tree or
Basic Event®

IHF-ESD-07-HLW

ESDO7-HLW-DROPON

ESDO7-HLW-IMPACT

ESDO7-HLW-DROP

ESDO7-HLW-2BLK

ESDO7-HLW-SIDEIMP

ESDO7-HLW-COLLISION

ESDO7-HLW-DROPIN

IHF-ESD-07-NVL

ESDO7-NVL-DROPON

ESDO7-NVL-IMPACT

ESDO7-NVL-DROP

ESDO7-NVL-2BLK

ESDO7-NVL-SIDEIMP

ESDO7-NVL-COLLISION

HVAC-CONF

HVAC-CONFINEMENT-FAILS

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

MODERATOR. Table A4.7-6 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.7-6. Basic Events Associated with the MODERATOR Pivotal Events of IHF-ESD-07

Initiator Event Tree

Initiator Event Name

Name Assigned to
MODERATOR

Associated Fault Tree or
Basic Event®

IHF-ESD-07-HLW

ESDO7-HLW-DROPON

ESDO7-HLW-IMPACT

ESDO7-HLW-DROP

ESDO7-HLW-2BLK

ESDO7-HLW-SIDEIMP

ESDO7-HLW-COLLISION

ESDO7-HLW-DROPIN

MOD-NOFIRE-HLW

MOD-NOFIRE-HLW-NOIMP
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Table A4.7-6. Basic Events Associated with the MODERATOR Pivotal Events of IHF-ESD-07

(Continued)
Name Assigned to Associated Fault Tree or
Initiator Event Tree Initiator Event Name MODERATOR Basic Event®
IHF-ES07-NVL ESDO7-NVL-DROPON MOD-NOFIRE (51A-OIL-MODERATOR) OR

(51A-OTHER-WATER) OR

ESDO7-NVL-IMPACT (51A-FIRE-SUPPRESSION)

ESDO7-NVL-DROP
ESDO7-NVL-2BLK
ESDO7-NVL-SIDEIMP
ESDO7-NVL-COLLISION

NOTE: *This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
A4.8 EVENT TREES FOR IHF-ESD-08

IHF-ESD-08 covers event sequences associated with movement of the WPTT within the Waste
Package Positioning Room from the waste package loading position to the waste package closure
position (Ref. 2.2.28, Figure F-8). This ESD covers all canister types that are loaded into waste
packages in the IHF. Corresponding to each waste form unit is an initiator event tree
(Table A4.8-1). Although the initiator event trees transfer to the same response tree, the
response tree is customized within SAPHIRE for each initiator event tree by the use of basic
rules. The rules instruct SAPHIRE where to look for the fault tree that models each pivotal
event. The assignments made in the rules files are indicated in this section.

Table A4.8-1. Summary of Event Trees for IHF-ESD-08

Number of
Waste Form
Waste Form Unit Associated Event Trees Units
Waste package containing 5 HLW canisters Initiator: IHF-ESD-08-HLW 200
Response: IHF-RESP-WP1
Waste package containing 1 naval waste canister Initiator: IHF-ESD-08-NVL 400
Response: IHF-RESP-WP1

Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref 2.2.26, Table 4)
A4.8.1 Initiating Events for IHF-ESD-08

The following initiating events are associated with IHF-ESD-08. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.8-2.

WPTT Derailment. This initiating event accounts for the potential derailment of the WPTT.
WPTT Collision with Facility Structures or Facility Equipment. This initiating event

accounts for the potential impact to the waste package due to a WPTT collision with facility
structures or facility equipment.
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Premature Tilt-down of the WPTT. This initiating event accounts for the potential impact to
the waste package due to a premature tilt-down of the WPTT.

Table A4.8-2. Initiating Event Assignments for IHF-ESD-08

Initiating Event Initiator Event SAPHIRE Assignment by SAPHIRE Assignment at
Description Tree Basic Rules Fault Tree Level®
WPTT derailment IHF-ESD-08-HLW ESDO08-HLW-DERAIL 51A-WPTT-DERAIL-DER-FOM
AND
IHF-ESD-08-NVL ESDO08-NVL-DERAIL 51 AP TT-MILES-IN-IHE
WPTT collision IHF-ESD-08-HLW ESDO8-HLW-COLLIDE 51A-OPWPCOLLIDE1-HFI-NOD
OR
IHF-ESD-08-NVL ESDO08-NVL-COLLIDE WPTT-FAIL-TO-STOP
Premature tilt-down IHF-ESD-08-HLW ESDO8-HLW-TILT ESDO8-HLW-TILT
IHF-ESD-08-NVL ESDO8-NVL-TILT ESDO8-NVL-TILT

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
A4.8.2 System Response Event Tree IHF-RESP-WP1

The pivotal events that appear in IHF-RESP-WP1 are listed below and summarized in
Section A3. The accompanying tables show the association of pivotal event names with basic
event or fault tree names.

CANISTER. Table A4.8-3 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.8-3. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-08

Initiator Event Name Assigned to Associated Fault Tree or
Tree Initiating Event CANISTER Basic Event®

IHF-ESD-08- ESD08-HLW-DERAIL ESD08-HLW-DERAIL-CAN 51A-HLW-CAN-FAIL-DERAIL

HLW ESD08-HLW-COLLIDE ESD08-HLW-COLLIDE-CAN | 51A-HLW-CAN-FAIL-COLL
ESDO8-HLW-TILT ESDO8-HLW-TILT-CAN 51A-HLW-CAN-FAIL-TILT

IHF-ESD-08-NVL | ESD08-NVL-DERAIL ESD08-NVL-DERAIL-CAN 51A-NVL-CAN-FAIL-DERAIL
ESD08-NVL-COLLIDE ESD08-NVL-COLLIDE-CAN 51A-NVL-CAN-FAIL-COLL
ESDO8-NVL-TILT ESDO08-NVL-TILT-CAN 51A-NVL-CAN-FAIL-TILT

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

SHIELDING. This pivotal event represents the success or failure of the shielding (waste
package lid, shield ring, and WPTT shielding) to provide its shielding function after the impact
caused by the initiating event. Failure of shielding in this instance refers to an unspecified
degree of shielding degradation due to the impact. Table A4.8-4 specifies the fault tree or basic
event that is associated with this pivotal event for each initiating event.
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Table A4.8-4. Basic Events Associated with the SHIELDING Pivotal Events of IHF-ESD-08

Initiator Event Name Assigned to Associated Fault Tree or
Tree Initiating Event SHIELDING Basic Event®

IHF-ESD-08- ESD08-HLW-DERAIL ESD08-HLW-DERAIL-SHIELD 51A-HLW-WPSHLD-FAIL-DERL
HLW ESD08-HLW-COLLIDE | ESDO8-HLW-COLLIDE-SHIELD | 51A-HLW-SHIELD-FAIL-COLL

ESDO8-HLW-TILT ESDO8-HLW-TILT-SHIELD 51A-HLW-SHIELD-FAIL-TILT
IHF-ESD-08- ESD08-NVL-DERAIL ESD08-NVL-DERAIL-SHIELD 51A-NVL-SHIELD-FAIL-DERL
NVL ESD08-NVL-COLLIDE ESDO08-NVL-COLLIDE-SHIELD | 51A-NVL-SHIELD-FAIL-COLL

ESDO8-NVL-TILT ESDO8-NVL-TILT-SHIELD 51A-NVL-SHIELD-FAIL-TILT
NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

CONFINEMENT. Table A4.8-5 specifies the fault tree or basic event that is associated with
this pivotal event for each initiating event.

Table A4.8-5. Basic Event Associated with the CONFINEMENT Pivotal Events of IHF-ESD-08

Associated Fault Tree or
Basic Event

HVAC-CONFINEMENT-FAILS

Name Assigned to
CONFINEMENT

HVAC-CONF

Initiator Event Tree
IHF-ESD-08-HLW

Initiating Event
ESDO8-HLW-DERAIL
ESDO08-HLW-COLLIDE
ESDO8-HLW-TILT
ESDO8-NVL-DERAIL
ESDO08-NVL-COLLIDE
ESDO8-NVL-TILT

IHF-ESD-08-NVL

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

MODERATOR. Table A4.8-6 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.8-6. Basic Event Associated with the MODERATOR Pivotal Events of IHF-ESD-08

Associated Fault Tree or
Basic Event®

MOD-NOFIRE-HLW-NOIMP

Initiator Event
Tree

IHF-ESD-08-HLW

Name Assigned to
MODERATOR

MOD-NOFIRE-HLW

Initiating Event
ESD08-HLW-DERAIL
ESD08-HLW-COLLIDE
ESDO8-HLW-TILT
ESD08-NVL-DERAIL
ESD08-NVL-COLLIDE
ESDO8-NVL-TILT

(51A-OIL-MODERATOR) OR
(51A-FIRE-SUPPRESSION) OR
(51A-OTHER-WATER)

IHF-ESD-08-NVL MOD-NOFIRE

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original
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A4.9 EVENT TREES FOR IHF-ESD-09

IHF-ESD-09 covers event sequences associated with the assembly and closure of the waste
package (Ref. 2.2.28, Figure F-9). This ESD covers waste packages. Corresponding to each
waste form unit is an initiator event tree (Table A4.9-1). Although the initiator event trees
transfer to the same response tree, the response tree is customized within SAPHIRE for each
initiator event tree by the use of basic rules. The rules instruct SAPHIRE where to look for the
fault tree that models each pivotal event. The assignments made in the rules files are indicated in
this section.

Table A4.9-1. Summary of Event Trees for IHF-ESD-09
Number of
Waste Form Unit Associated Event Trees Waste Form Units
Waste package containing 5 HLW canisters Initiator: IHF-ESD-09-HLW 200
Response: IHF-RESP-WP2
Waste package containing 1 naval waste canister Initiator: IHF-ESD-09-NVL 400

Response: IHF-RESP-WP2

Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)
A4.9.1 Initiating Events for IHF-ESD-09

The following initiating events are associated with IHF-ESD-09. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.9-2.

Welding Damages Canister. This initiating event accounts for the potential impact to the waste
package due to a thermal challenge from the welding equipment.

Remote Handling System Drops Object. This initiating event accounts for the potential impact
to the waste package due to the drop of an object by the RHS.

Table A4.9-2.

Initiating Event Assignments for IHF-ESD-09

Initiating Event
Description

Initiator Event Tree

SAPHIRE Assignment by
Basic Rules

SAPHIRE Assignment at
Fault Tree Level’

Welding damages
canister

IHF-ESD-09-HLW

ESDO9-HLW-WELD

IHF-ESD-09-NVL

ESDO09-NVL-WELD

51A-WELD-DAMAGE

RHS drops object

IHF-ESD-09-HLW

ESD09-HLW-DROPON

ESD09-HLW-DROPON

IHF-ESD-09-NVL

ESD09-NVL-DROPON

ESD09-NVL-DROPON

NOTE: °®This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

A4.9.2 System Response Event Tree RESPONSE-WP2

The pivotal events that appear in RESPONSE-WP2 are summarized below. The accompanying
tables show the association of pivotal event names with basic event or fault tree names.
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CANISTER. Table A4.9-3 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.9-3. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-09

Initiator Event Name Assigned to Associated Fault Tree or
Tree Initiating Event CANISTER Basic Event’

IHF-ESD-09- ESD09-HLW-WELD ESD09-HLW-WELD-CAN 51A-HLW-WPCAN-FAIL-WELD

HLW ESD09-HLW-DROPON | ESD09-HLW-DROPON-CAN 51A-HLW-CAN-FAIL-DRPONWP

IHF-ESD-09- ESD09-NVL-WELD ESD09-NVL-WELD-CAN 51A-NVL-CAN-FAIL-WELD

NVL ESD09-NVL-DROPON ESD09-NVL-DROPON-CAN 51A-NVL-CAN-FAIL-DRPONWP

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

SHIELDING. Table A4.9-4 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.9-4. Basic Events Associated with the SHIELDING Pivotal Events of IHF-ESD-09

Initiator Event
Tree

Initiating Event

Name Assigned to
SHIELDING

Associated Fault Tree or
Basic Event®

IHF-ESD-09-HLW

ESD09-HLW-WELD

ESDO9-HLW-WELD-WP

51A-HLW-WP-FAIL-WELD

ESD09-HLW-DROPON

ESD09-HLW-DROPON-WP

51A-HLW-WP-FAILS-
DROPON

IHF-ESD-09-NVL

ESDO09-NVL-WELD

ESDO09-NVL-WELD-WP

51A-NVL-WP-FAILS-WELD

ESD09-NVL-DROPON

ESD09-NVL-DROPON-WP

51A-NVL-WP-FAIL-DROPON

NOTE:

Attachment C for basic events.

Source: Original

#This column may contain fault trees and basic events. See Attachment B for fault trees and

CONFINEMENT. Table A4.9-5 specifies the fault tree or basic event that is associated with
this pivotal event for each initiating event.

Table A4.9-5. Basic Event Associated with the CONFINEMENT Pivotal Events of IHF-ESD-09

Initiator Event Tree

Initiating Event

Name Assigned to
CONFINEMENT

Associated Fault Tree or
Basic Event®

IHF-ESD-09-HLW

ESDO09-HLW-WELD

HVAC-CONF

ESD09-HLW-DROPON

IHF-ESD-09-NVL

ESD09-NVL-WELD

ESD09-NVL-DROPON

HVAC-CONFINEMENT-FAILS

NOTE:

Attachment C for basic events.

Source: Original
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MODERATOR. Table A4.9-6 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.9-6. Basic Event Associated with the MODERATOR Pivotal Events of IHF-ESD-09

Name Assigned to Associated Fault Tree or
Initiator Event Tree Initiating Event MODERATOR Basic Event®
IHF-ESD-09-HLW ESD09-HLW-WELD MOD-NOFIRE-HLW | MOD-NOFIRE-HLW-NOIMP
ESD09-HLW-DROPON
IHF-ESD-09-NVL ESD09-NVL-WELD MOD-NOFIRE (51A-OIL-MODERATOR) OR
ESDO9-NVL-DROPON (51A-FIRE-SUPPRESSION)
OR
(51A-OTHER-WATER)

NOTE: *This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
A4.10 EVENT TREES FOR IHF-ESD-10

IHF-ESD-10 covers event sequences associated with the transfer of a waste package from the
Waste Package Positioning Room to the WPTT docking station (Ref. 2.2.28, Figure F-10). This
ESD covers all waste forms that are loaded into waste packages in the IHF. Corresponding to
each waste form unit is an initiator event tree (Table A4.10-1). Although the initiator event trees
transfer to the same response tree, the response tree is customized within SAPHIRE for each
initiator event tree by the use of basic rules. The rules instruct SAPHIRE where to look for the
fault tree that models each pivotal event. The assignments made in the rules files are indicated in
this section.

Table A4.10-1. Summary of Event Trees for IHF-ESD-10

Number of
Waste Form Unit Associated Event Trees Waste Form Units
Waste package containing 5 HLW Initiator: IHF-ESD-10-HLW 200
canisters Response: IHF-RESP-WP3
Waste package containing 1 naval Initiator: IHF-ESD-10-NVL 400
waste canister Response: IHF-RESP-WP3

NOTE: HLW = high-level radioactive waste.
Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)

A4.10.1 Initiating Events for IHF-ESD-10

The following initiating events are associated with IHF-ESD-10. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.10-2.

WPTT Derailment. This initiating event accounts for the potential derailment of the WPTT
during movement.
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WPTT Collision. This initiating event accounts for the potential impact to the transportation
cask due to a WPTT collision.

WPTT Premature Tilt-down. This initiating event accounts for the potential tilt-down of the
WPTT during movement.

Table A4.10-2. Initiating Event Assignments for IHF-ESD-10

Initiating Event
Description

Initiator Event Tree

SAPHIRE Assighment
by Basic Rules

SAPHIRE Assignment at
Fault Tree Level’

WPTT derailment

IHF-ESD-10-HLW

ESD10-HLW-DERAIL

IHF-ESD-10-NVL

ESD10-NVL-DERAIL

51A-WPTT-DERAIL-DER-FOM
AND
51A-WPTT-MILES-IN-IHF

WPTT collision

IHF-ESD-10-HLW

ESD10-HLW-COLLIDE

IHF-ESD-10-NVL

ESD10-NVL-COLLIDE

51A-OPWPCOLLIDE1-HFI-NOD
OR
WPTT-T2-FAIL-TO-STOP

Premature tilt-down

IHF-ESD-10-HLW

ESD10-HLW-TILT

IHF-ESD-10-NVL

ESD10-NVL-TILT

ESD10-HLW-TILT
ESD10-NVL-TILT

NOTE:

Attachment C for basic events.

Source: Original

A4.10.2 System Response Event Tree IHF-RESP-WP3

*This column may contain fault trees and basic events. See Attachment B for fault trees and

The pivotal events that appear in IHF-RESP-WP3 are listed below and summarized in
Section A3. The accompanying tables show the association of pivotal event names with basic
event or fault tree names.

WP. Table A4.10-3 specifies the fault tree or basic event that is associated with this pivotal

event for each initiating event.

Table A4.10-3. Basic Event Associated with the Waste Package Pivotal Events of IHF-ESD-10

Initiator Event Tree

Initiating Event

Name Assigned to WP

Associated Fault Tree or
Basic Event®

IHF-ESD-10-HLW

ESD10-HLW-COLLIDE

ESD10-HLW-COLLIDE-WP

51A-HLW-WP-FAIL-COLLIDE

ESD10-HLW-DERAIL

ESD10-HLW-DERAIL-WP

51A-HLW-WP-FAIL-DERAIL

ESD10-HLW-TILT

ESD10-HLW-TILT-WP

51A-HLW-WP-FAIL-TILT

IHF-ESD-10-NVL

ESD10-NVL-COLLIDE

ESD10-NVL-COLLIDE-WP

51A-NVL-WP-FAIL-COLLIDE

ESD10-NVL-DERAIL

ESD10-NVL-DERAIL-WP

51A-NVL-WP-FAIL-DERAIL

ESD10-NVL-TILT

ESD10-NVL-TILT-WP

51A-NVL-WP-FAIL-TILT

NOTE:

Attachment C for basic events.

Source: Original
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CANISTER. Table A4.10-4 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.10-4. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-10

Initiator Event
Tree

Initiating Event

Name Assigned to
CANISTER

Associated Fault Tree or
Basic Event®

IHF-ESD-10-HLW

ESD10-HLW-
COLLIDE

ESD10-HLW-COLLIDE-CAN

51A-HLW-CANWP-FAIL-COLL

ESD10-HLW-DERAIL

ESD10-HLW-DERAIL-CAN

51A-HLW-CANWP-FAIL-DERAL

ESD10-HLW-TILT

ESD10-HLW-TILT-CAN

51A-HLW-CANWP-FAIL-TILT

IHF-ESD-10-NVL

ESD10-NVL-
COLLIDE

ESD10-NVL-COLLIDE-CAN

51A-NVL-CANWP-FAIL-COLL

ESD10-NVL-DERAIL

ESD10-NVL-DERAIL-CAN

51A-NVL-CANWP-FAIL-DERAL

ESD10-NVL-TILT

ESD10-NVL-TILT-CAN

51A-NVL-CANWP-FAIL-TILT

NOTE:

Attachment C for basic events.

Source: Original

*This column may contain fault trees and basic events. See Attachment B for fault trees and

SHIELDING. Table A4.10-5 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.10-5. Basic Events Associated with the SHIELDING Pivotal Events of IHF-ESD-10

Initiator Event
Tree

Initiating Event

Name Assigned to
SHIELDING

Associated Fault Tree or
Basic Event®

IHF-ESD-10-HLW

ESD10-HLW-COLLIDE

ESD10-HLW-COLLIDE-
SHIELD

51A-HLW-SHLDWP-FAIL-COLL

ESD10-HLW-DERAIL

ESD10-HLW-DERAIL-SHIELD

51A-HLW-WPSHLD-FAIL-DERL

ESD10-HLW-TILT

ESD10-HLW-TILT-SHIELD

51A-HLW-SHLDWP-FAIL-TILT

IHF-ESD-10-NVL

ESD10-NVL-COLLIDE

ESD10-NVL-COLLIDE-SHIELD

51A-NVL-WPSHLD-FAIL-COLL

ESD10-NVL-DERAIL

ESD10-NVL-DERAIL-SHIELD

51A-NVL-WPSHLD-FAIL-DERL

ESD10-NVL-TILT

ESD10-NVL-TILT-SHIELD

51A-NVL-SHLDWP-FAIL-TILT

NOTE:

Attachment C for basic events.

Source: Original

#This column may contain fault trees and basic events. See Attachment B for fault trees and

CONFINEMENT. Table A4.10-6 specifies the fault tree or basic event that is associated with
this pivotal event for each initiating event.
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Table A4.10-6. Basic Event Associated with the CONFINEMENT Pivotal Events of IHF-ESD-10

Name Assigned to Associated Fault Tree or
Initiator Event Tree Initiating Event CONFINEMENT Basic Event®
IHF-ESD-10-HLW ESD10-HLW-COLLIDE HVAC-CONF HVAC-CONFINEMENT-FAILS

ESD10-HLW-DERAIL
ESD10-HLW-TILT
IHF-ESD-10-NVL ESD10-NVL-COLLIDE
ESD10-NVL-DERAIL
ESD10-NVL-TILT

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original

MODERATOR. Table A4.10-7 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.10-7. Basic Event Associated with the MODERATOR Pivotal Events of IHF-ESD-10

Name Assigned to Associated Fault Tree or
Initiator Event Tree Initiating Event MODERATOR Basic Event®
[HF-ESD-10-HLW ESD10-HLW-COLLIDE MOD-NOFIRE-HLW MOD-NOFIRE-HLW-NOIMP
ESD10-HLW-DERAIL
ESD10-HLW-TILT
[HF-ESD-10-NVL ESD10-NVL-COLLIDE MOD-NOFIRE (51A-OIL-MODERATOR) OR
ESD10-NVL-DERAIL (g;A—FIRE—SUPPRESSION)
ESD10-NVL-TILT (51A-OTHER-WATER)

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
A4.11 EVENT TREES FOR IHF-ESD-11

This ESD delineates the event sequences that arise after a mechanical challenge to the waste
package that occurs during the export of a waste package from the IHF (Ref. 2.2.28,
Figure F-11). This includes event sequences associated with the waste package handling crane,
the waste package transfer carriage, and the TEV. This ESD applies to the following waste
forms:

e Naval SNF in a waste package
e HLW in a waste package.

Corresponding to each waste form unit is an initiator event tree (Table A4.11-1). Although the
initiator event trees transfer to the same response tree, the response tree is customized within
SAPHIRE for each initiator event tree by the use of basic rules. The rules instruct SAPHIRE
where to look for the fault tree that models each pivotal event. The assignments made in the
rules files are indicated in this section.
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Table A4.11-1. Summary of Event Trees for IHF-ESD-11

Number of
Waste Form Unit Associated Event Trees Waste Form Units
Waste package containing HLW canisters Initiator: IHF-ESD-11-HLW 200
Response: IHF-RESP-WP3
Waste package containing a naval canister Initiator: IHF-ESD-11-NVL 400
Response: IHF-RESP-WP3

Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)
A4.11.1 Initiating Events for IHF-ESD-11

The following initiating events are associated with IHF-ESD-11. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.11-2.

TEV collision. This initiating event refers to a TEV in motion in the Waste Package Loadout
Room.

Impact due to object dropped on waste package. The waste package handling crane could
drop the waste package shield ring on a loaded waste package in the WPTT.

Crane interference with TEV or WPTT. Improper operation of a crane could cause an impact
to a waste package.

Impact due to malfunction of the WPTT or the waste package transfer carriage. This
initiating event refers to an impact that could be caused by an improper tilting or lateral motion
of the WPTT or improper operation of the transfer carriage.

Table A4.11-2. Initiating Event Assignments for IHF-ESD-11

Initiating Event Initiator SAPHIRE Assignment SAPHIRE Assignment at
Description Event Tree by Basic Rules Fault Tree Level®
TEV collision IHF-ESD-11-HLW | ESD11-HLW-TEV-COLL 51A-TEV-COLLISION

IHF-ESD-11-NVL | ESD11-NVL-TEV-COLL
Impact due to object IHF-ESD-11-HLW | ESD11-HLW-DROPON ESD11-HLW-DROPON

g;%ig;‘l on waste IHF-ESD-11-NVL | ESD11-NVL-DROPON ESD11-NVL-DROPON

Crane interference IHF-ESD-11-HLW | ESD11-HLW-CRANE 51A-OPCRANEINTFR-HFI-NOD
with TEV or WPTT IHF-ESD-11-NVL | ESD11-NVL-CRANE

Impact due to IHF-ESD-11-HLW | ESD11-HLW-COLLISION | 51A-OPTEVDRCLOSD-HFI-NOD
malfunction of the OR

WPTT of the waste IHF-ESD-11-NVL | ESD11-NVL-COLLISION | =2 \\o oo a o

package transfer OR

carriage 51A-WPTT-PRE-DEPARTURE

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
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A4.11.2 System Response Event Tree IHF-RESP-WP3

The pivotal events that appear in IHF-RESP-WP3 are summarized below. The accompanying
tables show the association of pivotal event names with basic event or fault tree names.

WP-CONTAIN. Table A4.11-3 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.11-3.

Basic Event Associated with the Waste Package Pivotal Events of IHF-ESD-11

Initiator Event Tree

Initiating Event

Name Assigned to
WP-CONTAIN

Associated Fault Tree or
Basic Eventa

IHF-ESD-11-HLW

ESD11-HLW-TEV-COLL

ESD11-HLW-WP

ESD11-HLW-DROPON

ESD11-HLW-CRANE

ESD11-HLW-COLLISION

51A-FAIL-EXPORT

IHF-ESD-11-NVL

ESD11-NVL-TEV-COLL

ESD11-NVL-WP

ESD11-NVL-DROPON

ESD11-NVL-CRANE

ESD11-NVL-COLLISION

NOTE:

Attachment C for basic events.

Source: Original

#This column may contain fault trees and basic events. See Attachment B for fault trees and

CANISTER. Table A4.11-4 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.11-4. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-11

Initiator Event
Tree

Initiating Event

Name Assigned to
CANISTER

Associated Fault Tree or
Basic Eventa

IHF-ESD-11-HLW

ESD11-HLW-TEV-COLL

ESD11-HLW-DROPON

ESD11-HLW-CRANE

ESD11-HLW-COLLISION

ESD11-HLW-CAN

IHF-ESD-11-NVL

ESD11-NVL-TEV-COLL

ESD11-NVL-DROPON

ESD11-NVL-CRANE

ESD11-NVL-COLLISION

ESD11-NVL-CAN

51A-CAN-FAIL-EXPORT

NOTE:

Attachment C for basic events.

Source: Original
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SHIELDING. Table A4.11-5 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.

Table A4.11-5. Basic Events Associated with the SHIELDING Pivotal Events of IHF-ESD-11

Initiator Event
Tree

Initiating Event

Name Assigned to WP-
SHIELDING

Associated Fault Tree or
Basic Event®

IHF-ESD-11-HLW

ESD11-HLW-TEV-COLL

ESD11-HLW-DROPON

ESD11-HLW-CRANE

ESD11-HLW-COLLISION

ESD11-HLW-SHIELD

IHF-ESD-11-NVL

ESD11-NVL-TEV-COLL

ESD11-NVL-DROPON

ESD11-NVL-CRANE

ESD11-NVL-COLLISION

ESD11-NVL-SHIELD

51A-WPSHIELD-FAIL-EXPORT

NOTE:

Attachment C for basic events.

Source: Original

®This column may contain fault trees and basic events. See Attachment B for fault trees and

CONFINEMENT. Table A4.11-6 specifies the fault tree or basic event that is associated with

this pivotal event for each initiating event.

Table A4.11-6. Basic Event Associated with the CONFINEMENT Pivotal Events of IHF-ESD-11

Initiator Event
Tree

Initiating Event

Name Assigned to
CONFINEMENT

Associated Fault Tree or
Basic Event®

IHF-ESD-11-HLW

ESD11-HLW-TEV-COLL

ESD11-HLW-DROPON

ESD11-HLW-CRANE

ESD11-HLW-COLLISION

IHF-ESD-11-NVL

ESD11-NVL-TEV-COLL

ESD11-NVL-DROPON

ESD11-NVL-CRANE

ESD11-NVL-COLLISION

HVAC-CONF

HVAC-CONFINEMENT-FAILS

NOTE:

Attachment C for basic events.

Source: Original

#This column may contain fault trees and basic events. See Attachment B for fault trees and

MODERATOR. Table A4.11-7 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.
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Table A4.11-7. Basic Event Associated with the MODERATOR Pivotal Events of IHF-ESD-11

Name Assigned to

Associated Fault Tree or

Initiator Event Tree Initiating Event MODERATOR Basic Event®
IHF-ESD-11-HLW ESD11-HLW-TEV-COLL MOD-NOFIRE-HLW MOD-NOFIRE-HLW-NOIMP
ESD11-HLW-DROPON
ESD11-HLW-CRANE
ESD11-HLW-COLLISION
IHF-ESD-11-NVL ESD11-NVL-TEV-COLL MOD-NOFIRE

ESD11-NVL-DROPON

ESD11-NVL-CRANE

ESD11-NVL-COLLISION

(51A-OIL-MODERATOR) OR
(51A-FIRE-SUPPRESSION) OR
(51A-OTHER-WATER)

NOTE: ®This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

A4.12 EVENT TREES FOR IHF-ESD-12

IHF-ESD-12 covers event sequences associated with direct exposure during various operations
(Ref. 2.2.28, Figure F-12). This ESD covers all waste forms. Basic rules instruct SAPHIRE
where to look for the fault tree that models each initiating event (Table A4.12-1). The
assignments made in the rules files are indicated in this section.

Table A4.12-1. Summary of Event Trees for IHF-ESD-12

Associated Self-Contained Number of
Waste Form Unit Initiating Event Trees Waste Form Units
HLW canister IHF-ESD-12A-HLW 1000
Naval canister IHF-ESD-12A-NVL 400
HLW waste package IHF-ESD-12B-HLW 200
Naval cask or waste package IHF-ESD-12B-NVL 400
HLW waste package IHF-ESD-12C-HLW 200
Naval waste package IHF-ESD-12C-NVL 400

NOTE: HLW = high-level radioactive waste.

Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)

A4.12.1 Initiating Events for IHF-ESD-12

The following initiating events are associated with IHF-ESD-12. There are no pivotal events
associated with IHF-ESD-12. The assignments made within SAPHIRE for quantification of
these initiating events are indicated in Table A4.12-2.
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Temporary loss of shielding of the CTM shield bell while the canister is being lifted from a
transportation cask. A loss of shielding could occur if the shield skirt is inadvertently lifted
during canister transfer or if canister transfer proceeds before the shield skirt is lowered. A loss
of shielding could also occur if the canister is lifted so high that it protrudes from the top of the
shield bell. Because the elevation of the shield bell is fixed due to its rigid attachment to the
shield bell trolley, it is not possible to cause a loss of shielding by inadvertently lifting the shield
bell.

Inadvertent displacement of the naval cask shield ring from cask or waste package or
improper installation of waste package shield ring on waste package. These event sequences
could occur in the Cask Preparation Area or the Waste Package Loadout Room.

Direct exposure during waste package closure. This could occur due to the inadvertent

opening of a personnel or equipment shield door.

Direct exposure during exporting a loaded waste package. This could occur due to the

inadvertent opening of a personnel or equipment shield door.

Table A4.12-2. Initiating Event Assignments for IHF-ESD-12

Initiating Event
Description

Initiator Event
Tree

SAPHIRE Assignment by
Basic Rules

SAPHIRE Assignment at
Fault Tree Level’

Temporary loss of
shielding of the CTM
shield bell while the
canister is being
lifted from a
transportation cask

IHF-ESD-12A-HLW

ESD12A-HLW-SHLD

ESD12A-HLW-SHLD

IHF-ESD-12A-NVL

ESD12A-NVL-SHLD

ESD12A-NVL-SHLD

Loss of shielding
during preparation
activities or during
WP closure

IHF-ESD-12B-HLW

ESD12B-HLW-SHLD

ESD12B-HLW-SHLD-DE
OR
ESD12B-HLW-SHLD-RING

IHF-ESD-12B-NVL

ESD12B-NVL-SHLD

ESD12B-NVL-SHLD-DE
OR
ESD12B-HLW-SHLD-RING

Direct exposure
during exporting a
loaded waste
package

IHF-ESD-12C-HLW

ESD12C-HLW-SHLD-FACDR

IHF-ESD-12C-NVL

ESD12C-NVL-SHLD-FACDR

51A-OPDIREXPOSE3-HFI-NOD

NOTE:

Attachment C for basic events; CTM = canister transfer machine.

Source: Original

A4.13 EVENT TREES FOR IHF-ESD-13

*This column may contain fault trees and basic events. See Attachment B for fault trees and

IHF-ESD-13 covers event sequences associated with fires in the IHF (Ref. 2.2.28, Figure F-13).
This ESD covers all applicable waste forms (Table A4.13-1). Although the initiator event trees
transfer to the same response tree, the response tree is customized within SAPHIRE for each
initiator event tree by the use of basic rules. The rules instruct SAPHIRE where to look for the
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fault tree that models each pivotal event. The assignments made in the rules files are indicated in
this section.

Table A4.13-1. Summary of Event Trees for IHF-ESD-13

Number of
Waste Form Unit Associated Event Trees Waste Form Units

HLW canisters except when in a sealed or unsealed | Initiator: IHF-ESD-13-HLW-CAN 1,000
transportation cask or a sealed or unsealed waste Response: IHF-RESP-FIRE
package
HLW canister in a sealed or unsealed transportation | Initiator: IHF-ESD-13-HLW-CSK 600
cask Response: IHF-RESP-FIRE
HLW canister in a sealed or unsealed waste Initiator: IHF-ESD-13-HLW-WP 200
package Response: IHF-RESP-FIRE
Naval canister anywhere in the facility Initiator: IHF-ESD-13-NVL 400

Response: IHF-RESP-FIRE

NOTE: HLW = high-level radioactive waste.
Source: Waste Form Throughputs for Preclosure Safety Analysis (Ref. 2.2.26, Table 4)

A4.13.1 Initiating Events for IHF-ESD-13

The following initiating events are associated with IHF-ESD-13. The assignments made within
SAPHIRE for quantification of these initiating events are indicated in Table A4.13-2.

Localized fire affecting a canister in the CTM. This initiating event accounts for the potential
impact from a fire that threatens a canister being transferred by the CTM.

Localized fire in Cask Unloading Room. This initiating event accounts for the potential
impact from a fire in the Cask Unloading Room.

Localized fire in Cask Preparation Area. This initiating event accounts for the potential
impact from a fire in the Cask Preparation Area.

Localized fire in Waste Package Loadout Room. This initiating event accounts for the
potential impact from a fire in the Waste Package Loadout Room.

Localized fire in Waste Package Loading Room. This initiating event accounts for the
potential impact from a fire in the Waste Package Loading Room.

Localized fire in Waste Package Positioning Room. This initiating event accounts for the
potential impact from a fire in the Waste Package Positioning Room.

Large fire in IHF. This initiating event accounts for the potential impact from a large fire in
the THF.
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Table A4.13-2.

Initiating Event Assignments for IHF-ESD-13

Initiating Event

SAPHIRE Assignment by

SAPHIRE Assighment at

Description Initiator Event Tree Basic Rules Fault Tree Level®
Localized fire IHF-ESD-13-HLW-CAN | ESD13-HLW-CAN-CTM-FIRE | 51A-HLW-CAN-CTM-FIRE
i:ﬁl‘;tt'gglﬁ e | IHF-ESD-13-HLW-CSK | NIA N/A
CTM IHF-ESD-13-HLWWP | N/A N/A

IHF-ESD-13-NVL ESD13-NVL-CAN-CTM-FIRE | 51A-HLW-CAN-CTM-FIRE
Localized fire in | IHF-ESD-13-HLW-CAN | N/A N/A
giifﬂun'oading IHF-ESD-13-HLW-CSK | ESD13-HLW-CSK-CUR-FIRE | 51A-HLW-CSK-CUR-FIRE
IHF-ESD-13-HLWWP | N/A N/A

IHF-ESD-13-NVL

ESD13-NVL-CSK-CUR-FIRE

51A-NVL-CSK-CUR-FIRE

Localized fire in
Cask
Preparation Area

IHF-ESD-13-HLW-CAN

N/A

N/A

IHF-ESD-13-HLW-CSK

ESD13-HLW-CSK-CPA-FIRE

51A-HLW-CSK-CPA-FIRE

IHF-ESD-13-HLWWP | N/A N/A
IHF-ESD-13-NVL ESD13-NVL-CSK-CPA-FIRE | 51A-NVL-CSK-CPA-FIRE

Localized fire in | IHF-ESD-13-HLW-CAN | N/A N/A

Waste Package | | r Fgp.q3-HLW-CSK | N/A N/A

Loadout Room

IHF-ESD-13-HLW-WP

ESD13-HLW-WP-LOR-FIRE

51A-HLW-WP-LOR-FIRE

IHF-ESD-13-NVL

ESD13-NVL-WP-LOR-FIRE

51A-NVL-WP-LOR-FIRE

Localized fire in
Waste Package
Loading Room

IHF-ESD-13-HLW-CAN

N/A

N/A

IHF-ESD-13-HLW-CSK

N/A

N/A

IHF-ESD-13-HLW-WP

ESD13-HLW-WP-LR-FIRE

51A-HLW-WP-LR-FIRE

IHF-ESD-13-NVL

ESD13-NVL-WP-LR-FIRE

51A-NVL-WP-LR-FIRE

Localized fire in
Waste Package
Positioning
Room

IHF-ESD-13-HLW-CAN

N/A

N/A

IHF-ESD-13-HLW-CSK

N/A

N/A

IHF-ESD-13-HLW-WP

ESD13-HLW-WP-PR-FIRE

51A-HLW-WP-PR-FIRE

IHF-ESD-13-NVL

ESD13-NVL-WP-PR-FIRE

51A-NVL-WP-PR-FIRE

Large fire in IHF

IHF-ESD-13-HLW-CAN

N/A

N/A

IHF-ESD-13-HLW-CSK

N/A

N/A

IHF-ESD-13-HLW-WP

ESD13-HLW-LG-FIRE

51A-HLW-LG-FIRE

IHF-ESD-13-NVL

ESD13-NVL-LG-FIRE

51A-NVL-LARGE-FIRE

NOTE:

#This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events; CTM = canister transfer machine; IHF — Initial Handling Facility.

Source: Original

A4.13.2 System Response Event Tree IHF-RESP-FIRE

The pivotal events that appear in IHF-RESP-FIRE are listed below and summarized in
Section A3. The accompanying tables show the association of pivotal event names with basic
event or fault tree names.

CANISTER. Table A4.13-3 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event.
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Table A4.13-3. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-13

Initiator
Event Name Assigned to Associated Fault Tree or
Tree Initiating Event Name CANISTER Basic Event®
IHF-ESD- | ESD13-HLW-CAN-CTM-FIRE | ESD13-HLW-CANF-CTM-FIRE | 51A-HLW-CAN-CONT-CTM-FIR
13-HLW-
CAN
IHF-ESD- | ESD13-HLW-CSK-CUR-FIRE | ESD13-HLW-CANF-CUR-FIRE | 51A-HLW-CAN-CONT-CUR-FIR
1C3S_ELW_ ESD13-HLW-CSK-CPA-FIRE | ESD13-HLW-CANF-CPA-FIRE | [(51A-HLW-SPMRC-DIESEL)
AND (51A-HLW-CAN-DIESEL)]
OR
[(51A-HLW-SPMRC-
WODIESEL) AND (51A-HLW-
FAILCAN-WODIESEL)]
IHF-ESD- | ESD13-HLW-WP-LOR-FIRE | ESD13-HLW-CANF-LOR-FIRE | [(51A-PROB-HLWCAN-WPTT-
13-HLW- LOR) AND (51A-HLWCAN-
WP WPTT-FAIL-FIR)]

OR

[(51A-PROB-HLWCAN-WP-
LOR) AND (51A-HLWCAN-WP-
FAIL-FIRE)]

ESD13-HLW-WP-LR-FIRE

ESD13-HLW-CANF-LR-FIRE

51A-HLW-CAN-CONT-LR-FIR

ESD13-NVL-WP-PR-FIRE

ESD13-NVL-CANF-PR-FIRE

51A-HLW-CAN-CONT-PR-FIR

ESD13-HLW-LG-FIRE

ESD13-HLW-CANF-LG-FIRE

[(51A-HLW-FREQ-DIESEL) AND
(51A-HLW-CAN-WDIESEL)]

OR

[(B1A-HLW-LARGE-FIRE-CTM)
AND (51A-HLW-CAN-FAILS-
CTM)]

OR

[(51A-HLW-FREQ-NO-DIESEL)
AND (51A-HLW-CAN-FAIL-
NOD)]

OR

[(51A-HLW-FREQ-WP-FAILS)
AND (51A-HLW-CAN-FAIL-IN-
WP)]
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Table A4.13-3. Basic Events Associated with the CANISTER Pivotal Events of IHF-ESD-13 (Continued)

Initiator
Event
Tree

Initiating Event Name

Name Assigned to
CANISTER

Associated Fault Tree or
Basic Event®

IHF-ESD-
13-NVL

ESD13-NVL-CAN-CTM-FIRE

ESD13-NVL-CANF-CTM-FIRE

51A-NVL-CAN-CONT-CTM-FIRE

ESD13-NVL-CSK-CUR-FIRE

ESD13-NVL-CANF-CUR-FIRE

51A-NVL-CAN-CONT-CUR-FIRE

ESD13-NVL-CSK-CPA-FIRE

ESD13-NVL-CANF-CPA-FIRE

[(51A-NVL-SPMRC-DIESEL)
AND (51A-NVL-FAIL-CAN-
DIESEL)]

OR
[(51A-NVL-SPMRC-WODIESEL)
AND (51A-NVL-FAILCAN-
WODIESEL)]

ESD13-NVL-WP-LOR-FIRE

ESD13-NVL-CANF-LOR-FIRE

[(51A-PROB-NVLCAN-WPTT-
LOR) AND (51A-NVLCAN-
FAILWPTT-LOR)]

OR

[(51A-PROB-NVLCAN-WP-LOR)
AND (51A-NVLCAN-WP-FAIL-
LOR)]

ESD13-NVL-WP-LR-FIRE

ESD13-NVL-CANF-LR-FIRE

51A-NVL-CAN-CONT-LR-FIRE

ESD13-NVL-WP-PR-FIRE

ESD13-NVL-CANF-PR-FIRE

51A-NVL-CAN-CONT-PR-FIRE

ESD13-NVL-LG-FIRE

ESD13-NVL-CANF-LG-FIRE

[(51A-NVL-CAN-FAIL-NOD)
AND (51A-NVL-FREQ-NO-
DIESEL)]

OR
[(51A-NVL-CAN-FAIL-IN-WP)
AND (51A-NVL-FREQ-WP-
FAILS)]

OR
[(51A-NVL-CAN-FAILS-CTM)
AND (51A-NVL-LARGE-FIRE-
CTM)]

OR
[(51A-FREQ-DIESEL-PRESENT)
AND (51A-NVL-CAN-WDIESEL)]

NOTE:

*This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

SHIELDING. This pivotal event represents the success or failure of the shielding provided by
the transportation cask, CTM shield bell, WPTT shield compartment, TEV shield compartment,
or shield doors as a result of the initiating event. Table A4.13-4 specifies the fault tree or basic
event that is associated with this pivotal event for each initiating event.
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Table A4.13-4. Fault Tree Associated with the SHIELDING Pivotal Events of IHF-ESD-13

Initiator Event

Name Assigned to

Associated Fault Tree or

Tree Initiating Event Name SHIELDING Basic Event’
IHF-ESD-13- ESD13-HLW-CAN-CTM-FIRE | ESD13-HLW-SHLD-FIRE 51A-HLW-CAN-SHIELD-CTM
HLW-CAN
IHF-ESD-13- ESD13-HLW-CSK-CUR-FIRE | ESD13-HLW-TC-SHLD-FIRE | 51A-TC-SHLD-FIRE-FAILS
HLW-CSK ESD13-HLW-CSK-CPA-FIRE | ESD13-HLW-TC-SHLD-FIRE | 51A-TC-SHLD-FIRE-FAILS
IHF-ESD-13- ESD13-HLW-WP-LOR-FIRE | ESD13-HLW-SHLD-FIRE 51A-HLW-CAN-SHIELD-CTM
HLW-WP ESD13-HLW-WP-LR-FIRE ESD13-HLW-SHLD-FIRE 51A-HLW-CAN-SHIELD-CTM

ESD13-NVL-WP-PR-FIRE ESD13-HLW-SHLD-FIRE 51A-HLW-CAN-SHIELD-CTM
ESD13-HLW-LG-FIRE ESD13-HLW-TC-SHLD-FIRE | 51A-TC-SHLD-FIRE-FAILS
IHF-ESD-13- ESD13-NVL-CAN-CTM-FIRE | ESD13-NVL-SHLD-FIRE 51A-NVL-SHLD-FIRE-FAILS
NVL ESD13-NVL-CSK-CUR-FIRE | ESD13-NVL-TC-SHLD-FIRE | 51A-TC-SHLD-FIRE-FAILS
ESD13-NVL-CSK-CPA-FIRE | ESD13-NVL-TC-SHLD-FIRE | 51A-TC-SHLD-FIRE-FAILS
ESD13-NVL-WP-LOR-FIRE ESD13-NVL-SHLD-FIRE 51A-NVL-SHLD-FIRE-FAILS
ESD13-NVL-WP-LR-FIRE ESD13-NVL-SHLD-FIRE 51A-NVL-SHLD-FIRE-FAILS
ESD13-NVL-WP-PR-FIRE ESD13-NVL-SHLD-FIRE 51A-NVL-SHLD-FIRE-FAILS
ESD13-NVL-LG-FIRE ESD13-NVL-TC-SHLD-FIRE | 51A-TC-SHLD-FIRE-FAILS
NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original

CONFINEMENT. Table A4.13-5 specifies the fault tree or basic event that is associated with

this pivotal event for each initiating event.

Table A4.13-5. Fault Tree Associated with the CONFINEMENT Pivotal Events of IHF-ESD-13

Initiator Event Tree

Initiating Event Name

Name Assigned to
CONFINEMENT

Associated Fault Tree or
Basic Event®

IHF-ESD-13-HLW-CAN HVAC-CONF HVAC-CONFINEMENT-FAILS

IHF-ESD-13-HLW-CSK

ESD13-HLW-CAN-CTM-FIRE
ESD13-HLW-CSK-CUR-FIRE
ESD13-HLW-CSK-CPA-FIRE
ESD13-HLW-WP-LOR-FIRE
ESD13-HLW-WP-LR-FIRE
ESD13-NVL-WP-PR-FIRE
ESD13-HLW-LG-FIRE
ESD13-NVL-CAN-CTM-FIRE
ESD13-NVL-CSK-CUR-FIRE
ESD13-NVL-CSK-CPA-FIRE
ESD13-NVL-WP-LOR-FIRE
ESD13-NVL-WP-LR-FIRE
ESD13-NVL-WP-PR-FIRE
ESD13-NVL-LG-FIRE

IHF-ESD-13-HLW-WP

IHF-ESD-13-NVL

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and

Attachment C for basic events.

Source: Original
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MODERATOR. Table A4.13-6 specifies the fault tree or basic event that is associated with this
pivotal event for each initiating event (introduction of liquid moderator).

Table A4.13-6.

Basic Event Associated with the MODERATOR Pivotal Events of IHF-ESD-13

Initiator Event

Name Assigned to

Associated Fault Tree or

ESD13-NVL-CSK-CUR-FIRE

ESD13-NVL-CSK-CPA-FIRE

ESD13-NVL-WP-LOR-FIRE

ESD13-NVL-WP-LR-FIRE

ESD13-NVL-WP-PR-FIRE

ESD13-NVL-LG-FIRE

Tree Initiating Event Name MODERATOR Basic Event”
IHF-ESD-13- ESD13-HLW-CAN-CTM-FIRE | MOD-FIRE-HLW | 51A-MOD-FIRE-HLW-NOIMP
HLW-CAN
IHF-ESD-13- ESD13-HLW-CSK-CUR-FIRE
HLW-CSK ESD13-HLW-CSK-CPA-FIRE
IHF-ESD-13- ESD13-HLW-WP-LOR-FIRE
HLW-WP ESD13-HLW-WP-LR-FIRE

ESD13-NVL-WP-PR-FIRE
ESD13-HLW-LG-FIRE
IHF-ESD-13-NVL | ESD13-NVL-CAN-CTM-FIRE | MOD-FIRE 51A-MODERATOR-ENTERS-CAN

NOTE: °This column may contain fault trees and basic events. See Attachment B for fault trees and
Attachment C for basic events.

Source: Original
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AS EVENT TREES

Navigation from an IET to the corresponding response event tree is assisted by the rightmost two

columns on the initiator event trees as shown in Figure AS-1.

The numbers under the “#’

symbol may be used by the reader to refer to a particular branch of an event tree, but it is not
used elsewhere in this analysis.

Refer to Table AS5-1 for the relationship between the ESDs, initiating event trees and system
response event trees.

Number of waste

Identify initiating

forms processed events
over facility
NUMBER-WAS INIT-EVENT

XFER-TO-RESP-TREE

Drop of waste form

Waste form collision

Heavy load drop on
waste form

:>2

:>2

Indicates transfer
to the system

response event
tree on Sheet 2

&

Indicates the
name of the
system response
event tree

RESPONSE-SAMPLE

RESPONSE-SAMPLE

RESPONSE-SAMPLE /

Sheet number
appears here
on each sheet

INIT-EVENT - Sample Initiating Event Tree

2007/10/24 Sheet 1

Source: Original

Figure A5-1. Example Initiator Event Tree Showing Navigation Aids
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Table A5-1. Relation of Event Sequence Diagrams to Event Trees

ESD#

ESD Title

IE Event Tree

Name

IE Event Tree
Location

Response Tree
Name

Response
Tree
Location

IHF-ESD-01

Event Sequences for
Activities Associated
with Receipt of Naval or
HLWTCon RCor TT
in Cask Preparation
Area and Upending
and Transfer of Naval
TCto CTT

ESD-01-HLW
ESD-01-NVL

Figure A5-2
Figure A5-4

IHF-RESP-TC1
IHF-RESP-TC1

Figure A5-3

IHF-ESD-02

Event Sequences for
Activities Associated
with Removal of Impact
Limiters, Upending and
Transfer of HLW Cask
to CTT and Removal of
Impact Limiters from
Naval TC

ESD-02-HLW
ESD-02-NVL

Figure A5-5
Figure A5-6

IHF-RESP-TC1
IHF-RESP-TC1

Figure A5-3
Figure A5-3

IHF-ESD-03

Event Sequences for
Activities Associated
with Cask Preparation
Activities Associated
with Unbolting and Lid
Adapter Installation for
the HLW Cask

ESD-03-HLW

Figure A5-7

IHF-RESP-TCA

Figure A5-3

IHF-ESD-04

Event Sequences for
Activities Associated
with Removal of the
Naval Cask Lid and
Installing the Naval
Canister Lifting Adapter

ESD-04-NVL

Figure A5-8

IHF-RESP-
CAN1

Figure A5-9

IHF-ESD-05

Event Sequences for
Activities Associated
with Transfer of a Cask
on CTT from Cask
Preparation Area to
Cask Unloading Room

ESD-05-HLW

ESD-05-NVL

Figure A5-10

Figure A5-12

IHF-RESP-
CAN2-HLW

IHF-RESP-
CAN2-NVL

Figure A5-11

Figure A5-13

IHF-ESD-06

Event Sequences for
Activities Associated
with Collision of CTT
with Cask Unloading
Room Shield Door

ESD-06-HLW
ESD-06-NVL

Figure A5-14
Figure A5-15

N/A
N/A

N/A
N/A

IHF-ESD-07

Event Sequences for
Activities Associated

with the Transfer of a
Canister to or froma
TC to a WP with CTM

ESD-07-HLW
ESD-07-NVL

Figure A5-16
Figure A5-17

IHF-RESP-
CAN1
IHF-RESP-
CAN1

Figure A5-9
Figure A5-9

IHF-ESD-08

Event Sequences for
Activities Associated
with WP Transfer from
WP Loading Room to
Closing Position in WP
Positioning Room
below WP Closure
Room

ESD-08-HLW
ESD-08-NVL

Figure A5-18
Figure A5-20

IHF-RESP-WP1
IHF-RESP-WP1

Figure A5-19
Figure A5-19

March 2008




Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A

Event Sequence Categorization Analysis

Table A5-1. Relation of Event Sequence Diagrams to Event Trees (Continued)

Response
IE Event Tree IE Event Tree | Response Tree Tree
ESD# ESD Title Name Location Name Location
IHF-ESD-09 | Event Sequences for ESD-09-HLW Figure A5-21 IHF-RESP-WP2 | Figure A5-22
Activities Associated ESD-09-NVL Figure A5-23 IHF-RESP-WP2 | Figure A5-22
with Assembly and
Closure of the WP
IHF-ESD-10 | Event Sequences for ESD-10-HLW Figure A5-24 IHF-RESP-WP3 | Figure A5-25
Activities Associated ESD-10-NVL Figure A5-26 IHF-RESP-WP3 | Figure A5-25
with the Transfer of the
WP from the WP
Positioning Room to the
WPTT Docking Station
IHF-ESD-11 | Event Sequences for ESD-11-HLW Figure A5-27 IHF-RESP-WP3 | Figure A5-25
Activities Associated ESD-11-NVL Figure A5-28 IHF-RESP-WP3 | Figure A5-25
with Exporting a WP
IHF-ESD-12 | Event Sequences for ESD-12A-HLW Figure A5-29 N/A N/A
Activities Associated ESD-12A-NVL Figure A5-30
with Direct Exposure ESD-12B-HLW Figure A5-31
During Various ESD-12B-NVL Figure A5-32
Activities ESD-12C-HLW Figure A5-33
ESD-12C-NVL Figure A5-34
IHF-ESD-13 | Event Sequences ESD-13-HLW-CAN | Figure A5-35 IHF-RESP-FIRE | Figure A5-36
Associated with Fires | eqpy 43 14 \W.cSK | Figure A5-37 | IHF-RESP-FIRE | Figure A5-36
Occurring in the IHF
ESD-13-HLW-WP Figure A5-38 IHF-RESP-FIRE | Figure A5-36
ESD-13-NVL Figure A5-39 IHF-RESP-FIRE | Figure A5-36
NOTE: CAN = canister; CTM = canister transfer machine; CTT = cask transfer trolley, ESD = event sequence

diagram; HLW = high-level radioactive waste; IHF = Initial Handling Facility; NVL = naval; RC = railcar;
RESP = response; TC = transportation cask; TT = truck trailer; WP = waste package; WPTT = waste

package transfer trolley.

Source: Original
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Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Number of HLW casks received Identify initiating
by [HF during preclosure period events
NUM-HLW-CSK INIT-EVENT # XFER-TO-RESP-TREE

Railcar derailment

2 T=>2 IHF-RESP-TC1

HLW TT rollover
3 T =2 IHF-RESP-TC1
RC/TT collision
4 T =2 IHF-RESP-TC1
THF-ESD-01-HLW - Receipt of HLW TC in the Cask Preparation Area 2007/12/04 Sheet 1

Source: Original

Figure A5-2. Event Tree IHF-ESD-01-HLW —
Receipt of HLW TC in the Cask
Preparation Area
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Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Transportation cask Canister remains Shielding remains HVAC confinement Moderator prevented from
containment remains intact containing intact maintained entering canister
intact radioactive materials
INIT-EVENT TRANSCASK CANISTER SHIELDING CONFINEMENT MODERATOR # END-STATE-NAMES
1 OK
2 DE-SHIELD-DEGRAD:
3 DE-SHIELD-LOSS
4 RR-FILTERED
5 RR-FILTERED-ITC
6 RR-UNFILTERED
7 RR-UNFILTERED-ITC
THF-RESP-TC1 - Response for incoming transportation cask 2007/12/20 Sheet 2

Figure A5-3. Event Tree IHF-RESP-TC1 —

A-60

Response for Incoming

Transportation Cask

March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of naval casks

Identify initiating

received by IHF over events
the preclosure period
NUM-NVL INIT-EVENT #

XFER-TO-RESP-TREE

Crane drops object

Crane drops TC from operational height

Crane drops TC from above operational height

4
Railcar derailment

5
RC collision

6
Cask collision off railcar

7
Naval TC tipover

8

OK

IHF-RESP-TC1

IHF-RESP-TC1

IHF-RESP-TC1

IHF-RESP-TC1

IHF-RESP-TC1

IHF-RESP-TC1

IHF-RESP-TC1

IHF-ESD-01-NVL - Receipt of naval TC in the Cask Preparation Area and transfer to CTT

2008/01/04

Sheet 3

Figure A5-4. Event Tree IHF-ESD-01-NVL —
Receipt of Naval TC in the Cask
Preparation Area and Transfer to

A-61

CTT

March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Number of HLW casks Identify initiating
received by IHF over the events
preclosure period

NUM-HLW-CSK INIT-EVENT # XFER-TO-RESP-TREE

Cask drop from operational height
2 T=2 IHF-RESP-TC1

Cask drop from above operational height

3 T =2 IHF-RESP-TCI

Unplanned conveyance movement

4 T =2 IHF-RESP-TCI

Collision with side impact

5 T =2 IHF-RESP-TCI

Dropped object
6 T =2 IHF-RESP-TCI
HLW TC tip over
7 T =2 IHF-RESP-TCI
THF-ESD-02-HLW - HLW TC upending and removal from conveyance 2007/10/26 Sheet 4

Source: Original

Figure A5-5. Event Tree IHF-ESD-02-HLW —
HLW TC Upending and Removal
from Conveyance
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Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Number of Naval Casks

NUM_NVL INIT-EVENT # XFER-TO-RESP-TREES

Side Impact

2 T=>2 IHF-RESP-TC1

Drop of Heavy Object

3 T=>2 IHF-RESP-TC1

THF-ESD-02-NVL - Remove Impact Limiters from NVL TC 2007/12/05 Sheet 5

Source: Original

Figure A5-6. Event Tree IHF-ESD-02-NVL —
Remove Impact Limiters from NVL
TC
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Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of HLW casks Identify initiating
received by the IHF over events
the preclosure period
NUM-HLW-CSK INIT-EVENT

XFER-TO-RESP-TREE

Cask tips over

Side impact

Dropped object

OK

[HF-RESP-TCI

[HF-RESP-TCI

[HF-RESP-TCI

IV

THF-ESD-03-HLW - HLW TC preparation activities

2007/10/26 Sheet 6

Figure A5-7. Event Tree IHF-ESD-03-HLW —

A-64

HLW TC Preparation Activities

March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Number of naval casks Identify initiating
received by IHF over the events
preclosure period

NUM-NVL INIT-EVENT # XFER-TO-RESP-TREE
1 OK
Cask tips over
2 T =8 IHF-RESP-CANI1
Side impact
3 T =8 IHF-RESP-CANI1
Dropped object
4 T =8 IHF-RESP-CANI1
THF-ESD-04-NVL - Naval TC preparation activities 2007/12/04 Sheet 7

Source: Original

Figure A5-8. Event Tree IHF-ESD-04-NVL —
Naval TC Preparation Activities
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Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Canister remains

Shielding remains

HVAC confinement

Moderator prevented

intact containing intact maintained from entering canister
radioactive materials
INIT-EVENT CANISTER SHIELDING CONFINEMENT MODERATOR

END-STATE-NAMES

OK

DE-SHIELD-LOSS

RR-FILTERED

RR-FILTERED-ITC

RR-UNFILTERED

RR-UNFILTERED-ITC

IHF-RESP-CANT - Response for canister

2007/12/06

Sheet 8

Figure A5-9. Event Tree IHF-RESP-CAN1 -

A-66

Response for Canister

March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Number of HLW casks Identify initiating
received during preclosure events
period
NUM-HLW-CSK INIT-EVENT # XFER-TO-RESP-TREE

Crane-induced impact to TC

2 T => 10 | IHF-RESP-CAN2-HL W

CTT Collision

3 T => 10 | IHF-RESP-CAN2-HL W

THF-ESD-05-HLW - Transfer HLW TC on CTT from Cask Preparation Area to Cask Unloading Room 2007/12/20 Sheet 9

Source: Original

Figure A5-10. Event Tree IHF-ESD-05-HLW -
Transfer HLW TC on CTT from
Cask Preparation Area to Cask
Unloading Room
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Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Canister remains HLW TC lid remains on HVAC confinement Moderator prevented from
intact containing maintained entering canister
radioactive materials
INIT-EVENT CANISTER SHIELDING CONFINEMENT MODERATOR

END-STATE-NAMES

OK

DE-SHIELD-LOSS

RR-FILTERED

RR-FILTERED-ITC

RR-UNFILTERED

RR-UNFILTERED-ITC

THF-RESP-CAN2-HLW - Response for HLW canister mishap with CTM

2007/12/06

Sheet 10

Figure A5-11.

A-68

Event Tree IHF-RESP-CAN2-
HLW — Response for HLW
Canister Mishap with CTM

March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Number of naval casks Identify initiating
received during events
preclosure period

NUM-NVL INIT-EVENT # XFER-TO-RESP-TREI

@9}

Crane-induced impact to TC

2 T => 12 [HF-RESP-CAN2-NVL

CTT Collision

3 T => 12 [HF-RESP-CAN2-NVL

THF-ESD-05-NVL - Transter Naval TC on CTT from Cask Preparation Area to Cask Unloading Room 2007/10/26 Sheet 11

Source: Original

Figure A5-12. Event Tree IHF-ESD-05-NVL -
Transfer Naval TC on CTT from
Cask Preparation Area to Cask
Unloading Room
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Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Canister remains

Naval cask shield ring

HVAC confinement

Moderator prevented from

intact containing remains in place maintained entering canister
radioactive materials
INIT-EVENT CANISTER SHIELD-RING CONFINEMENT MODERATOR

END-STATE-NAMES

OK

DE-SHIELD-LOSS

RR-FILTERED

RR-FILTERED-ITC

RR-UNFILTERED

RR-UNFILTERED-IT

IHF-RESP-CAN2-NVL - Response for NVL canister mishap with CTM

2007/12/06 Sheet 12

Figure A5-13. Event Tree IHF-RESP-CAN2-

A-70

NVL — Response for NVL
Canister Mishap with CTM

March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of HLW CTT avoids collision Door remains on Canister containment Shielding remains HVAC Confinement Moderator prevented
casks received during with shield door tracks and does not | boundary remains intact intact boundary intact from entering
preclosure period fall onto CTT canister
NUM-HLW-CSK INIT-EVENT CELL-DOOR CONTAINMENT SHIELDING CONFINEMENT MODERATOR

END-STATE-NAMES

1 OK

2 OK

3 DE-SHIELD-LOSS

4 RR-FILTERED

5 RR-FILTERED-ITC

6 RR-UNFILTERED

7 RR-UNFILTERED-IT

8 OK

9 DE-SHIELD-LOSS

10 RR-FILTERED

11 RR-FILTERED-ITC

12 RR-UNFILTERED

13 RR-UNFILTERED-IT
IHF-ESD-06-HLW - CTT with HLW TC collides with shield door to Cask Unloading Room 2007/10/26 Sheet 13

Figure A5-14. Event Tree IHF-ESD-06-HLW -

A-71

CTT with HLW TC Collides with
Shield Door to Cask Unloading
Room

March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A

Event Sequence Categorization Analysis

Source: Original

Number of naval casks CTT avoids collision with Door remains on Canister containment Shielding remains HVAC Confinement Moderator prevented
received at IHF over the shield door tracks and does not boundary remains intact intact boundary intact from entering
preclosure period fall onto CTT canister
NUM-NVL INIT-EVENT CELL-DOOR CONTAINMENT SHIELDING CONFINEMENT MODERATOR # END-STATE-NAMES

OK

OK

DE-SHIELD-LOSS

RR-FILTERED

RR-FILTERED-ITC

RR-UNFILTERED

RR-UNFILTERED-ITC

OK

DE-SHIELD-LOSS

RR-FILTERED

RR-FILTERED-ITC

RR-UNFILTERED

RR-UNFILTERED-ITC

IHF-ESD-06-NVL - CTT with naval TC collides with shield door to Cask Unloading Room

2007/10/26

Sheet 14

Figure A5-15. Event Tree IHF-ESD-06-NVL —
CTT with Naval TC Collides with
Shield Door to Cask Unloading

A-72

Room

March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of HLW Identify initiating
Canisters events
received during
preclosure period
NUM-HLW-CAN INIT-EVENT

XFER-TO-RESP-TRE

Object dropped onto canister

Canister impact due to
movement of CTM, CTT,
WPTT

Canister drop from operational height

Canister drop from above operational height

Side impact to canister

Canister collision or impact

Canister dropped inside CTM

HLW TC impact - lid removal

OK

IHF-RESP-CAN1

IHF-RESP-CAN1

IHF-RESP-CAN1

IHF-RESP-CAN1

IHF-RESP-CAN1

IHF-RESP-CAN1

IHF-RESP-CAN1

IHF-RESP-CAN1

IHF-ESD-07-HLW - Transferring a HLW canister with the CTM

2007/12/04 Sheet 15

Figure A5-16. Event Tree IHF-ESD-07-HLW -

A-73

Transfer a HLW Canister with
the CTM

March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Number of naval Identify initiating
canisters received events
during preclosure period

NUM-NVL INIT-EVENT # XFER-TO-RESP-TREE

1 OK
Object dropped onto canister

2 T = 8 IHF-RESP-CANI1
CTM, CTT, WPTT movement

3 T == 8 | IHF-RESP-CANI
Canister drop from operational height

4 T == 8 | IHF-RESP-CANI
Canister drop from above op. height

5 T = 8 [HF-RESP-CANI1

Side impact to canister

6 T = 8 [HF-RESP-CANI1

Canister collision or impact

7 T = 8 [HF-RESP-CANI1

Canister dropped inside CTM

8 T = 8 [HF-RESP-CANI1

IHF-ESD-07-NVL - Transferring a NVL canister with the CTM 2007/12/04 Sheet 16

Source: Original

Figure A5-17. Event Tree IHF-ESD-07-NVL -
Transferring a NVL Canister with
the CTM
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Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of HLW WPs Identify initiating
loaded during events
preclosure period
NUM-HLW-WP INIT-EVENT

XFER-TO-RESP-TREE

WPTT collision

Premature WPTT tilt-down

WPTT derailment

=> 18

=> 18

=> 18

OK

[HF-RESP-WP1

[HF-RESP-WP1

[HF-RESP-WP1

IHF-ESD-08-HLW - Transfer HLW WP on WPTT from WP Loading Room to WP Positioning Room

2007/11/05 Sheet 17

Figure A5-18. Event Tree IHF-ESD-08-HLW -
Transfer HLW WP on WPTT
from WP Loading Room to WP

A-75

Positioning Room

March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Canister remains

WP remains within

HVAC Confinement

Moderator prevented

intact containing WPTT shields boundary intact from entering
radioactive materials container
INIT-EVENT CANISTER SHIELDING CONFINEMENT MODERATOR

END-STATE-NAMES

OK

DE-SHIELD-LOSS

RR-FILTERED

RR-FILTERED-ITC

RR-UNFILTERED

RR-UNFILTERED-IT(

THF-RESP-WP1 - Response for moving unsealed WP

2007/12/12 Sheet 18

Figure A5-19. Event Tree IHF-RESP-WP1 -
Response for Moving Unsealed

A-76

WP

March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of naval WPs Identify initiating
loaded over the events
preclosure period
NUM-NVL INIT-EVENT XFER-TO-RESP-TREE
OK

WPTT collision
T => 18 | IHF-RESP-WP1

Premature WPTT tilt-down
T => 18 | IHF-RESP-WP1

WPTT derailment
T => 18 | IHF-RESP-WP1

v

THF-ESD-08-NVL - Transter Naval WP on WPTT from WP Loading Room to WP Positioning Room

2007/11/05 Sheet 19

Figure A5-20. Event Tree IHF-ESD-08-NVL -
Transfer Naval WP on WPTT
from WP Loading Room to WP

A-77

Positioning Room

March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of WPs with HLW Identify initiating
canisters loaded during the events
preclosure period
NUM-HLW-WP INIT-EVENT

XFER-TO-RESP-TREE

Welding damages canister

RHS drops object onto WP lid

T => 21

T => 21

OK

IHF-RESP-WP2

IHF-RESP-WP2

THF-ESD-09-HLW - Assembly and closure of the HLW WP

2007/12/20

Sheet 20

Figure A5-21. Event Tree IHF-ESD-09-HLW -
Assembly and Closure of the
HLW WP
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Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Canister remains

Shielding associated with

HVAC Confinement

Moderator prevented

intact containing WP and WPTT remains boundary intact from entering
radioactive materials in place canister
INIT-EVENT CANISTER WP CONFINEMENT MODERATOR

END-STATE-NAMES

OK

DE-SHIELD-LOSS

RR-FILTERED

RR-FILTERED-ITC

RR-UNFILTERED

RR-UNFILTERED-IT(

THF-RESP-WP2 - Response for WP during closure

2007/10/26 Sheet 21

Figure A5-22. Event Tree IHF-RESP-WP2 -

A-79

Response for WP during Closure

March 2008



Initial Handling Facility Reliability and 51A-PSA-IH00-00200-000-00A
Event Sequence Categorization Analysis

Number of naval WPs loaded during Identify initiating
preclosure period events
NUM-NVL INIT-EVENT # XFER-TO-RESP-TREE

Welding damages canister

2 T => 21 | IHF-RESP-WP2

RHS drops object onto WP lid

3 T => 21 | IHF-RESP-WP2

THF-ESD-09-NVL - Assembly and closure of the naval WP 2007/10/26 Sheet 22

Source: Original

Figure A5-23. Event Tree IHF-ESD-09-NVL -
Assembly and Closure of the
Naval WP

A-80 March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of WPs with Identify initiating
HLW canisters loaded events
during preclosure period
NUM-HLW-WP INIT-EVENT # XFER-TO-RESP-TREE
1 OK
WPTT derailment
2 T => 24 | IHF-RESP-WP3
Improper tiltdown or departure of WPTT
3 T => 24 | IHF-RESP-WP3
WPTT collision
4 T => 24 | IHF-RESP-WP3
IHF-ESD-10-HLW - Transfer HLW WP on WPTT from WP Positioning Room to WP Loadout Room 2007/10/26 Sheet 23

Figure A5-24. Event Tree IHF-ESD-10-HLW -
Transfer HLW WP on WPTT
from WP Positioning Room to
WP Loadout Room
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Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

WP containment remains Canister remains WP remains within HVAC Confinement Moderator prevented from
intact intact containing WPTT shields boundary intact entering canister
radioactive materials
INIT-EVENT WP-CONTAIN CANISTER SHIELDING CONFINEMENT MODERATOR # END-STATE-NAMES

1 OK
2 DE-SHIELD-LOSS
3 DE-SHIELD-LOSS
4 RR-FILTERED
5 RR-FILTERED-ITC
6 RR-UNFILTERED
7 RR-UNFILTERED-IT(

THF-RESP-WP3 - Response for sealed WP 2007/12/04 Sheet 24

Figure A5-25. Event Tree IHF-RESP-WP3 -

A-82

Response for Sealed WP

March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of WPs with naval Identify initiating
canisters loaded over events
the preclosure period
NUM-NVL INIT-EVENT # XFER-TO-RESP-TREE
1 OK
WPTT derailment
2 T => 24 | IHF-RESP-WP3
Improper tiltdown or departure of WPTT
3 T => 24 | IHF-RESP-WP3
WPTT collision
4 T => 24 | IHF-RESP-WP3
THF-ESD-10-NVL - Transfer naval WP on WPTT from WP Positioning Room to WP Loadout Room 2007/10/26 Sheet 25

Figure A5-26. Event Tree IHF-ESD-10-NVL -
Transfer Naval WP on WPTT
from WP Positioning Room to

A-83

WP Loadout Room

March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of WPs with HLW Identify initiating
canisters loaded during events
preclosure period
NUM-HLW-WP INIT-EVENT XFER-TO-RESP-TREE
OK
TEV collision
=> 24 | IHF-RESP-WP3
Object drop onto WP
=> 24 | IHF-RESP-WP3
Crane interference
=> 24 | IHF-RESP-WP3
WPTT or WPTC malfunction
=> 24 | IHF-RESP-WP3

IHF-ESD-11-HLW - Export HLW WP from IHF

2007/10/26 Sheet 26

B>

Figure A5-27. Event Tree IHF-ESD-11-HLW -

A-84

Export HLW WP from IHF

March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Number of WPs with Identify initiating
naval canisters loaded events
during preclosure period
NUM-NVL INIT-EVENT XFER-TO-RESP-TREE
OK
TEV collision
=> 24 | [HF-RESP-WP3
Object drop onto WP
=> 24 | [HF-RESP-WP3
Crane interference
=> 24 | [HF-RESP-WP3
WPTT or WPTC malfunction
=> 24 | [HF-RESP-WP3

IHF-ESD-11-NVL - Export naval WP from ITHF

2007/11/03 Sheet 27

Figure A5-28. Event Tree IHF-ESD-11-NVL -

A-85

Export Naval WP from IHF

March 2008
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Acronyms

AAR
ASD
AHU

CCF
CRCF
CTT
CT™M

DOE
ESD
FRA
HLW

IHF
ITS

MCO
NHTSA

PLC

RHS

SFP
SNF
SPM
SPMRC
SPMTT

TEV

WHF
WPTT

ACRONYMS AND ABBREVIATIONS

Association of American Railroads
adjustable speed drive
air handling unit

common-cause failure

Canister Receipt and Closure Facility
cask transfer trolley

canister transfer machine

U.S. Department of Energy
event sequence diagram

Federal Railroad Administration
high-level radioactive waste

Initial Handling Facility
important to safety

multicanister overpack
National Highway Traffic Safety Administration
programmable logic controller

Receipt Facility
remote handling system

single failure point

spent nuclear fuel

site prime mover

site prime mover railcar

site prime mover truck trailer

transport and emplacement vehicle

Wet Handling Facility
waste package transfer trolley
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ACRONYMS AND ABBREVIATIONS (Continued)

Abbreviations

AC alternating current

DC direct current

fpm foot per minute

psi pound per square inch

scfm standard cubic foot per minute
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ATTACHMENT B
SYSTEM/PIVOTAL EVENT ANALYSIS - FAULT TREES

This attachment presents system and pivotal event fault trees that are used in the event trees
described in Attachment A. The system fault trees are presented and described in Sections B1
through BS, on a system basis. The pivotal event fault trees are presented in Section B6. For the
most part, the pivotal events link to a basic event and these are presented in tables. In a few
cases, the assignment is not straightforward and a supplemental fault tree provides a link to the
system fault tree or basic event level. These supplemental fault trees are presented and
described.

B1 SITE PRIME MOVER ANALYSIS —- FAULT TREES
B1.1 REFERENCES
Design Inputs

The PCSA is based on a snapshot of the design. The reference design documents are
appropriately documented as design inputs in this section. Since the safety analysis is based on a
snapshot of the design, referencing subsequent revisions to the design documents (as described in
EG-PRO-3DP-G04B-00037, Calculations and Analyses (Ref. 2.1.1, Section 3.2.2.F)) that
implement PCSA requirements flowing from the safety analysis would not be appropriate for the
purpose of the PCSA.

The inputs in this Section noted with an asterisk (*) indicate that they fall into one of the
designated categories described in Section 4.1, relative to suitability for intended use.

B1.1.1 *AAR S-2043. 2003. Performance Specification for Trains Used to Carry High-Level
Radioactive Material. Washington, D.C.: Association of American Railroads. TIC:
257585.

Design Constraints

B1.1.2 Motor Vehicle Safety. 49 U.S.C. 301.

B1.13 49 CFR 571. 2007. Transportation: Federal Motor Vehicle Safety Standards.
B1.2 SITE PRIME MOVER DESCRIPTION

B1.2.1 Overview

The site prime mover (SPM) is a diesel/electric self-propelled vehicle that is designed to move
railcars or truck trailers loaded with transportation casks. The transport occurs both Intra-Site
and within the Canister Receipt and Closure Facility (CRCF), Wet Handling Facility (WHF),
Initial Handling Facility (IHF), and Receipt Facility (RF).

Movement of the site prime mover railcar (SPMRC) or site prime mover truck trailer (SPMTT)
within the IHF is limited to the Cask Preparation Area (Room 1012).
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Transportation casks arriving at the IHF on railcar or truck trailer can contain:

¢ High-level radioactive waste canisters
e Naval canisters.

B1.2.2 System Description
B1.2.2.1 Site Prime Mover

The SPM is a commercially available vehicle that has the capability of moving both railcars and
truck trailers loaded with transportation casks. Retractable railroad wheels attached to the front
and rear axles of the SPM are used for rail operations.

The driving and braking power comes directly from the road tires as they are in contact with the
rails. Weight sharing between the flanged rail and regular road wheels is automatically varied to
achieve the required power transmission needs. More weight can be distributed on the rail
wheels when moving, or more on the road wheels when braking, accelerating, and negotiating
inclines. The SPM has speed limiters that set the maximum speed of the vehicle to less than 9.0
miles per hour.

A diesel engine provides the energy to operate the SPM outside the facilities. Inside the IHF, the
SPM is electrically driven via an umbilical cord (or remote control) from the facility main
electrical supply.

The SPM is equipped with both an automatic wagon coupling system for railcars and a fifth
wheel coupling device for truck trailers. In addition, the SPM is equipped with
high-performance compressors, a priority filling system, and an electronic regulating valve with
filling speed adjustments and a 100-gallon diesel fuel tank.

B1.2.2.2 Railcars

Railcars used for movement of transportation casks are designed in accordance with Federal
Railroad Administration (FRA) requirements under authority delegated by the Secretary of
Transportation. The FRA administers a safety program that oversees the movement of nuclear
shipments throughout the national rail transportation system. Performance standards are
addressed in the Association of American Railroads (AAR) Standard S-2043: Performance
Specification for Trains Used to Haul High Level Radioactive Material (Ref. B1.1.1).

B1.2.2.3 Truck Trailers

The U.S. Department of Transportation (DOT) has the primary responsibility for regulating the
safe transport of radioactive materials in the United States. It sets the standards for packaging,
transporting, and handling radioactive materials, including labeling, shipping papers, loading,
and unloading requirements.

Trailers used for the movement of transportation casks are designed in accordance with the
National Highway Traffic Safety Administration (NHTSA) requirements as authorized by
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Title 49. U.S.C. Part 301, Section 30111 (Ref. B1.1.2). The requirements are delineated in 49
CFR Part 571 (Ref. B1.1.3).

B1.2.2.4 Subsystems

The SPMRC and SPMTT systems are composed of four subsystems:

1.

Power plant—A diesel engine, generator, and diesel fuel tank are enclosed in the SPM.
The SPM utilizes a diesel engine for all intrasite operations. For operations conducted
inside facilities, the SPM is connected to the facility 480 V, 3-phase, 60-Hz power

supply.

Vehicle controls—During IHF operations, the operator controls the SPM at the operator’s
console inside the SPM. For all operations inside of facilities, the operator controls the
SPM with either a remote (wireless) controller or through a pendant connected to the
vehicle.

Structural controls—These subsystems include restraints for securing the transportation
casks to the railcar/truck trailer; automatic coupler hardware; cradles for supporting the
transportation cask; and wheels/tires and axles.

Brakes—For the railcar, brakes comply with FRA requirements; for the truck trailer; the
braking system complies with 49 CFR Part 571, Transportation (Ref. B1.1.3).

A simplified block diagram of the functional components on the SPMRC/SPMTT is shown in
Figure B1.2-1.

Structural
Intra-Site ‘ Pendant SPM Controls ‘
Diesel Power ] Cradles
STOPPING
Structure

FAIL-SAFE
Or Emergency
STOP

—p SPEED = WheelsiAxies/Tires >

P

DIRECTION s

In-Facility

Restraint System
Electric = Y

Source: Original

Figure B1.2-1. Site Prime Mover Simplified Block Diagram Intra-Site and In-Facility
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B1.2.3 Operations
B1.2.3.1 Normal Operations

In-facility SPM operations begin when the SPM has positioned the railcar or truck trailer outside
the entrance to the facility such that the railcar/truck trailer is pushed into the facility. The SPM
diesel engine is shut down and the outer door is opened. Facility power is connected to the SPM
for all operations inside the facility."

The operator connects the pendant controller or uses a remote (wireless) controller to move the
railcar/truck trailer into the facility. Once inside, the outer door is closed. Once in position in
the Cask Preparation Area, the SPM is disconnected from the railcar/truck trailer. The outer
door can then be opened and the SPM exits the facility. Once outside, the SPM is shut down and
the facility power is removed and outer door is closed.

B1.2.3.2 Site Prime Mover Off-Normal Operations

In the event of loss of power, the SPM is designed to stop, retain control of the railcar/truck
trailer, and enter a locked mode. Upon the restoration of power the SPM remains in the locked
mode until operator action is taken to return to normal operations.

B1.2.3.3 Site Prime Mover Testing and Maintenance

Testing and maintenance of the SPM is done on a periodic basis and does not affect the normal
operations of the SPM. Testing and/or maintenance are not performed on a SPM when it is
coupled with a railcar/truck trailer. A SPM that has malfunctioned or has a warning light lit is
deemed to be unserviceable and turned in for maintenance. Unserviceable vehicles are not used.

If an unserviceable state is identified during movement, the SPM is immediately placed in a safe
state (as quickly as possible) and recovery actions for the SPM are invoked.

B1.3 DEPENDENCIES AND INTERACTIONS ANALYSIS

Dependencies are broken down into five categories with respect to their interactions with
systems, structures, and components. The five areas considered are addressed in Table B1.3-1
with the following dependencies:

Functional dependence.
Environmental dependence.
Spatial dependence.

Human dependence.

Failures based on external events.

Nk =

! The SPM is never operated inside a facility using the diesel engine.
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Table B1.3-1. Dependencies and Interactions Analysis

Systems, Dependencies and Interactions
Structures, Environ- External
Components Functional mental Spatial Human Events
Structural Material failure
Coupler — — — —
Wheels/tires/axle
Brakes Material failure — — Failure to engage (set) —
Power plant Speed limiter fails . . Failure to stop .
Safe state on
Remote control Spurious commands . . Improper command Collide with
end stops

Source: Original
B1.4 SITE PRIME MOVER RELATED FAILURE SCENARIOS
There are four top events for the SPM operating inside the IHF:

SPMRC collides with IHF structures.
SPMTT collides with IHF structures.
SPMRC derailment.

SPMTT rollover.

halh e

Table B1.4-1 provides a cross reference between the event sequence diagram (ESD) and the
SPM fault trees that support them.

Table B1.4-1. ESD Cross Reference with SPMRC/SPMTT Fault Trees

SPMRC
IHF ESD Number SPMRC Collision SPMTT Collision Derailment SPMTT Rollover
ESD-01-NVL X — X —
ESD-01-HLW X X X X

NOTE: ESD = event sequence diagram; HLW = high-level radioactive waste; IHF = Initial Handling
Facility; NVL = naval;, SPMRC = site prime mover railcar, SPMTT = site prime mover truck trailer.

Source: Original
B1.4.1 SPMRC Collides with IHF Structures
B1.4.1.1 Description

The two fault trees for SPMRC collision within the IHF are identical for each type of
transportation cask. Collision can occur as a result of human error or mechanical failures.
Mechanical failures leading to a collision consist of the SPM failure to stop when commanded,
the SPM exceeding a safe speed, or the SPM moving in a wrong direction.
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B1.4.1.2 Success Criteria

The success criteria for preventing a collision include safety design features incorporated in the
SPM for mechanical failures and the SPM operator maintaining situational awareness and proper
control of the movement of the SPM. To avoid collisions, the SPM must stop when commanded,
be prevented from entering a runaway situation, or respond correctly to a SPM movement
command.

The SPM is designed to stop whenever commanded to stop or when there is a loss of power. The
operator can stop the SPM by either commanding a “stop” from the start/stop button or by
releasing the palm switch which initiates an emergency stop. At anytime there is a loss of power
detected, the SPM performs a controlled stop. Once stopped, the SPM stops all movement or
operations and enters into a “lock mode” safe state. The SPM remains in this locked mode until
power is returned and the operator restarts the SPM.

Runaway situations on the SPM are prevented by hardware constraints. The maximum speed of
the SPM is controlled by a speed limiter on the diesel engine for outside facility movement. The
speed control on the SPM for in-facility operations is controlled by the physical limitations of the
drive system. The SPM gearing prevents the SPM from exceeding 9.0 miles per hour. The
power plant in the SPM has been sized to preclude simultaneous operations.

B1.4.1.3 Design Requirements and Features
Requirements

Since the dominant contributor to a SPM collision in the facility is human error, no priority is
given to either the remote or the pendant controllers. The SPM is operated on electrical power
when inside the building. The SPM is disconnected from the railcar at the preparation area and
moved out of the building before cask preparation activities begin.

Design Features

The SPM has two off-equipment control devices that have complete control over the SPM. The
Drive system limits the maximum speed of the SPM to 9.0 miles per hour.

System Configuration and Operating Conditions
Requirements

Two means of stopping the SPM are incorporated in the controllers. One is the normal stop
button and the other consists of an emergency stop that is the equivalent of a “deadman switch.”
On the loss of AC power, the SPM performs a controlled stop. Once stopped, the SPM enters
the lock mode state. The lock mode state is not reversible without specific operator action.
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Design Features

Stopping the SPM is accomplished by pushing the “stop” button on the remote or pendant
controller. The SPM, upon receiving a stop command from either control source immediately
responds by removing power from the propulsion system on the SPM.

Testing and Maintenance

Requirements

No maintenance or testing is permitted on a SPM loaded with a transportation cask.
Design Features

None.

B1.4.1.4 Fault Tree Model

The fault tree model for “SPMRC Collides with IHF Structures” accounts for both human error
and/or SPMRC mechanical problems that could result in a collision. Once the SPMRC has been
properly positioned within the Cask Preparation Area, the SPM is decoupled from the railcar and
the SPM moves out of the facility.

The fault tree for SPMRC and SPMTT are identical and a split fraction is used to account for the
number/type of transportation casks that arrive at the IHF on either a railcar or truck trailer. The
fault tree for the SPMTT is discussed in the next section.

The top event is a collision of the SPMRC in the IHF and is shown in Figure B1.4-3. This may
occur due to human error coupled with failure of the speed control or interlocks, or failure of the
mechanical and/or control system including failure to stop (Figure B1.4-4) or exceeding a safe
speed (Figure B1.4-5). Failure to stop may occur due to mechanical failure of brakes, or failure
of the control system. Exceeding a safe speed may also occur due to failure of the control
system.

B1.4.1.5 Basic Event Data

Table B1.4-2 contains a list of basic events used in the SPMRC collision fault trees. The mission
time is set at one hour which is conservative because it does not require more than one hour to
disconnect the SPM from the railcar and remove it from the facility.
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Table B1.4-2. Basic Event Probability for SPMRC Collision

Name Calc. Type® | Calc. Prob. | Fail. Prob. Lambda | Miss. Time®
51A-OPRCCOLLIDE1-HFI-NOD 1 3.000E-003 | 3.000E-003 | 0.000E+000 | 0.000E+000
51A-OPRCINTCOL01-HFI-NOD 1 1.000E+000 | 1.000E+000 | 0.000E+000 | 0.000E+000
51A-OPRCINTCOL02-HFI-NOD 1 1.000E+000 | 1.000E+000 | 0.000E+000 | 0.000E+000
51A-PWR-LOSS 1 4.100E-006 | 4.100E-006 | 0.000E+000 | 0.000E+000
51A-RC---BRP001--BRP-FOD 1 5.020E-005 | 5.020E-005 | 0.000E+000 | 0.000E+000
51A-SPMRC-BRK000-BRP-FOD 1 5.020E-005 | 5.020E-005 | 0.000E+000 | 0.000E+000
51A-SPMRC-BRP000-BRP-FOD 1 5.020E-005 | 5.020E-005 | 0.000E+000 | 0.000E+000
51A-SPMRC-BRP001-BRP-FOD 1 5.020E-005 | 5.020E-005 | 0.000E+000 | 0.000E+000
51A-SPMRC-CBP001-CBP-OPC 3 9.130E-008 | 0.000E+000 | 9.130E-008 | 1.000E+000
51A-SPMRC-CBP001-CBP-SHC 3 1.880E-008 | 0.000E+000 | 1.880E-008 | 1.000E+000
51A-SPMRC-CPL0O0-CPL-FOH 3 1.910E-006 | 0.000E+000 | 1.910E-006 | 1.000E+000
51A-SPMRC-CT000--CT--FOD 1 4.000E-006 | 4.000E-006 | 0.000E+000 | 0.000E+000
51A-SPMRC-CT001-CT-SPO 3 2.270E-005 | 0.000E+000 | 2.270E-005 | 1.000E+000
51A-SPMRC-CT001-CT-FOD 1 4.000E-006 | 4.000E-006 | 0.000E+000 | 0.000E+000
51A-SPMRC-CT002--CT--FOH 3 6.880E-005 | 0.000E+000 | 6.880E-005 | 1.000E+000
51A-SPMRC-G6500--G65-FOH 3 1.160E-005 | 0.000E+000 | 1.160E-005 | 1.000E+000
51A-SPMRC-HC001-HC-SPO 3 5.230E-007 | 0.000E+000 | 5.230E-007 | 1.000E+000
51A-SPMRC-HC001-HC--FOD 1 1.740E-003 | 1.740E-003 | 0.000E+000 | 0.000E+000
51A-SPMRC-IELO11-IEL-FOD 1 2.750E-005 | 2.750E-005 | 0.000E+000 | 0.000E+000
51A-SPMRC-MOEQO00-MOE-FSO 3 1.350E-008 | 0.000E+000 | 1.350E-008 | 1.000E+000
51A-SPMRC-SC021--SC--FOH 3 1.280E-004 | 0.000E+000 | 1.280E-004 | 1.000E+000
51A-SPMRC-SEL021-SEL-FOH 3 4.160E-006 | 0.000E+000 | 4.160E-006 | 1.000E+000
51A-SPMRC-STU01-STU--FOH 3 2.107E-004 | 0.000E+000 | 4.810E-008 | 4.380E+003

NOTE:
mission time.

Calc. = calculation; Fail. = failure; Miss. = mission; Prob. = probability.

Source: Original

B1.4.1.5.1

Human Failure Events

#For Calc. Type 3 with a mission time of 0, SAPHIRE performs the quantification using the system

Three human errors have been identified for this fault tree. Both HFEs of operator initiates a
runaway and operator causes a collision with mobile platform, are assigned a screening failure
probability of 1.00E+00. A detailed analysis of operator causes collision is addressed in
Section 6.4 and Attachment E.

1. Operator causes a collision (5S1A-OPRCCOLLIDE1-HFI-NOD)
2. Operator initiates runaway (51A-OPRCINTCOLO1-HFI-NOD)
3. Operator causes a collision with mobile platform (51A-OPRCINTCOLO02-HFI-NOD).
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B1.4.1.5.2 Common-Cause Failures
There are no common-cause failures (CCFs) identified for this fault tree.
B1.4.1.6 Uncertainty and Cut Set Generation Results

Figure B1.4-1 contains the uncertainty results obtained from running the fault tree for “SPMRC
Collides with IHF Structures” using a cutoff probability of 1E-12. Figure B1.4-2 provides the
cut set generation results for the “SPMRC Collides with IHF Structures” Fault Tree.

Uncertainty Results

Maime 51 A-SPMRC-COLLISION
Random Seed 1234  Events 21
Sample Size 10000 Cut Sets 16
Poirt estimate 4 534E-003
Mean Yalue 4 595E-003
Sth Percertile Walue 3.060E-003
Median Yalue 3.162E-003
95th Percertile YWalue ¥ .01 8E-003
Minimum Sample Yalue 3029E-003
Maximum Sample Walue T ATE-O0
Stanclardd Devistion 1.417E-002
Skewness 3.149E+001
Kurtosis 1.32ZE+003
Elzpzed Time 00:00:00 590
(o8

Source: Original

Figure B1.4-1. Uncertainty Results of the SPMRC Collides with IHF
Structures Fault Tree
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51A-PSA-IH00-00200-000-00A

Source: Original

Cut Set Generation Results @

Mame:

S1A-SPMRC-COLLISION

Elapsed Time: 00:00:00.020

Cut
Size

000 =) O L e DO O —L

10
>0
Tatal

# rninCut

4.795E-003
3.910E-005
7.BE3E-0 3

16 4.834E-003

e e e s B N R B

Total Elapzed Time ; 00:00:00.020

o]

Wiew Results

Figure B1.4-2. Cut set Generation Results for the SPMRC Collides
with IHF Structures Fault Tree

B1.4.1.7 Cut Sets

Table B1.4-3 contains the cut sets for “SPMRC Collides with IHF Structures”. The probability of

failure is 4.83E-03.

Table B1.4-3. Cut Sets for SPMRC Collides with IHF Structures
Cut
Fault Tree Set % | Prob./Freq. Basic Event Description Probability
51A-SPMRC- 51A-OPRCCOLLIDE1-HFI-
COLLISION 62.07 3.000E-003 | NOD Operator Causes Collision | 3.0E-003
51A-SPMRC-HC001-HC-- Pendant Control Transmits
36.00 1.740E-003 | FOD Wrong Signal 1.7E-003
Brake (Pneumatic) Failure
on Demand Brake
(Pneumatic) Failure on
51A-SPMRC-BRP000-BRP- | Demand PMRC Fails to
1.04 5.020E-005 | FOD Stop on Loss of Power 5.0E-005
51A-OPRCINTCOLO02-HFI- | Operator Causes Collision
0.57 2.750E-005 | NOD with Mobile Platform 1.0E+000
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51A-PSA-IH00-00200-000-00A

Table B1.4-3. Cut Sets for SPMRC Collides with IHF Structures (Continued)

Cut
Fault Tree Set % | Prob./Freq. Basic Event Description Probability
51A-SPMRC-IELO11-IEL- Failure of Mobile Platform
FOD Anti-Collision Interlock 2.8E-005
51A-OPRCINTCOLO1-HFI-
0.24 1.160E-005 | NOD Operator Initiates Runaway | 1.0E+000
51A-SPMRC-G65000-G65- | SPMRC Speed Control
FOH (Governor) Fails 1.2E-005
51A-SPMRC-CT000--CT- SPMRC Primary Stop
0.08 4.000E-006 | FOD Switch Fails 4.0E-006
51A-SPMRC-CT001-CT- On-Board Controller Fails
0.08 4.000E-006 | FOD to Respond 4.0E-006
51A-SPMRC-CPL0O0-CPL- Railcar Automatic Coupler
0.04 1.910E-006 | FOH System Fails 1.9E-006
4.834E-003 | = Total
4.83E-03 = Total
NOTE: Freq. = frequency; Prob. = probability, SPMRC = site prime mover railcar.

Source: Original

B1.4.1.8 Fault Trees
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51A-PSA-IH00-00200-000-00A

Source: Original

SPMRC
Collision
in CRCF

[

51A-SPMRC-COLLISION
f

Equipment
Failure leads
to Collision

a

51A-SPMRC-EQUIP-FAIL
L

SPM Pushes
SPMRC into Wall
After Disconnect

Operator
Error Leads
to Collision

[

51A-SPMRC-OP-COLL
L

SPMRC Exceeds Failure of SPMRC SPMRC Automatic Operator Collides Operator Causes Operator
Safe Speed to Stop Coupler System with Mobile Access Collision Initiates
Fails Platform Runaway

L910E-6 3.000E3

51A-SPMRC-RUNAWAY 51A-SPMRC-FAIL-STOP

51A-SPM-COLLIDE-SPMRC
!
T

SPMRC Brake SPMRC Moves SPMRC End
Failure in Wrong Stop Fails
Direction
5.020E-5 Q 2107E-4

51A-RC---BRP001--BRP-FOD

51A-SPMRC-WRONG-DIRCTION
L

51A-SPMRC-STU01-STU--FOH

[
Pendant
Direction
Controller Fails

6.880E-5

51A-SPMRC-CT002--CT--FOH

Spurious Command
from Pendant
Controller

5.230E-7

51A-SPMRC-HC001--HC--SPO

51A-SPMRC-CPL00-CPL-FOH

51A-OP-COLL-MOB-PLTFRM
h

51A-OPRCCOLLIDE]-HFI-NOD

51A-SPMRC-OP-RUNAWAY
L

Operator Failure of Mobile Operator Initiates SPMRC Speed

Collides with Platform Anti-Coll Runaway Control (Speed

Mobile Platform Interlock Lirniter) Fails
1.000E+0 2.750E-5 1.000E+0 1.160E-5

51A-OPRCINTCOL2-HFI-NOD

51A-SPMRC-IEL011-IEL-FOD

51A-OPRCINTCOLO1-HFI-NOD

51A-SPMRC-G6500--G65-FOH

51A-SPMRC-COLLISION -

SPMRC Collision in CRCF

2008/01/28

Page 247

Figure B1.4-3. SPMRC Collides with IHF
Structures
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Figure B1.4-5. SPMRC Exceeds Safe Speed
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B1.4.2 SPMTT Collides with IHF Structures
B1.4.2.1 Description

The two fault trees for SPMTT collision within the IHF are identical with the exception of the
number of transportation casks that are processed at the IHF for each configuration. Collision
can occur as a result of human error or mechanical failures. Mechanical failures leading to a
collision consist of the SPM failure to stop with commanded, the SPM exceeding a safe speed or
the SPM moving in a wrong direction.

B1.4.2.2 Success Criteria

The success criteria for preventing a collision include safety design features incorporated in the
SPM for mechanical failures and the SPM operator maintains situational awareness and proper
control of the movement of the SPM. To avoid collisions, the SPM must stop when commanded,
be prevented from entering a runaway situation or respond correctly to a SPM movement
command.

The SPM is designed to stop whenever commanded to stop or when there is a loss of power. The
operator can stop the SPM by either commanding a “stop” from the start/stop button or by
releasing the palm switch which initiates an emergency stop. At anytime there is a loss of power
detected, the SPM performs a controlled stop. Once stopped, the SPM stops all movement and
enters into “lock mode” safe state. The SPM remains in this locked mode until power is returned
and the operator restarts the SPM. The SPM remains in this fail safe mode until power is
returned and restarted by the operator.

Runaway situations on the SPM are prevented by hardware constraints. The maximum speed of
the SPM is controlled by a speed limiter on the diesel engine for outside movement. The speed
control on the SPM for in-facility operations is controlled by the physical limitations of the drive
system. The SPM gearing prevents the SPM from exceeding 9.0 miles per hour. The prevention
of SPM movements in the wrong direction is prevented by the limitations of the power plant that
prevents simultaneous operations.

B1.4.2.3 Requirements and Design Features
Requirements

Since the dominant contributor to SPMTT collision in the facility is human error, no priority is
given to either the remote or the pendant controllers. The SPM is operated on electrical power
when inside the building. The SPM is disconnected from the truck trailer at the preparation area
and moved out of the building before cask preparation activities begin.

Design Features

The SPM has two off-equipment control devices that have complete control over the SPMTT.
The drive system contains both a speed limiter and a transmission constraint which limits the
maximum speed of the SPM to 9.0 miles per hour.
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Common-Cause Failures

There are no CCFs identified for this fault tree.

B1.4.2.4 System Configuration and Operating Conditions
Requirements

Two means of stopping the SPM is incorporated in the controllers. One is the normal stop button
and the other consists of an emergency stop that has the equivalent of a “deadman switch.” On
the loss of AC power derived from the facility, the SPM immediately enters the lock mode state.
The lock mode state is not reversible without specific operator action.

Design Features and Inputs

Stopping the SPM is accomplished by pushing the “stop” button on the remote or pendant
controller. The SPM, upon receiving a stop command from either control source immediately
responds by removing power from the propulsion system.

Testing and Maintenance

Requirements

There is no maintenance or testing permitted on a SPMTT loaded with a transportation cask.
Design Feature

None.

B1.4.2.5 Fault Tree Model

The fault tree model for “SPMTT Collides with IHF Structures” accounts for both human error
and for SPMTT hardware problems that could result in collision. There is only one movement
within the IHF. Once the SPMTT has been properly positioned within the Cask Preparation
Area, the SPM is decoupled from the truck trailer and it is moved out of the facility.

The fault trees for SPMRC and SPMTT are identical and a split fraction is used to account for
the number/type of transportation casks that arrive at the IHF on either the railcar or truck trailer.

The top event is a collision of the SPMTT in the IHF and is shown in Figure B1.4-8. This may
occur due to human error coupled with failure of the speed control or interlocks, or failure of the
mechanical and/or control system (Figure B1.4-9) including failure to stop (Figure B1.4-10) or
exceeding a safe speed (Figure B1.4-11). Failure to stop may occur due to mechanical failure of
brakes, or failure of the control system. Exceeding a safe speed may also occur due to failure of
the control system.
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B1.4.2.6 Basic Event Data

Table B1.4-4 contains a list of basic events used in the “SPMTT Collides with IHF Structures”
fault trees. The mission time has been set at one hour which is conservative because it does not
require more than one hour to disconnect the SPM from the rail car and remove it from the

facility.

Table B1.4-4. Basic Event Probability for SPMTT Collides with IHF Structures
Name Calc. Type® | Calc. Prob. | Fail. Prob. Lambda Miss. Time®
51A-OPTTCOLLIDE1-HFI-NOD 1 3.000E-003 | 3.000E-003 | 0.000E+000 | 0.000E+000
51A-OPTTINTCOLO1-HFI-NOD 1 1.000E+000 | 1.000E+000 | 0.000E+000 | 0.000E+000
51A-OPTTINTCOLO02-HFI-NOD 1 1.000E+000 | 1.000E+000 | 0.000E+000 | 0.000E+000
51A-PWR-LOSS 1 4.100E-006 | 4.100E-006 | 0.000E+000 | 0.000E+000
51A-SPMTT-BRK0O00-BRP-FOD 1 5.020E-005 | 5.020E-005 | 0.000E+000 | 0.000E+000
51A-SPMTT-BRP001-BRP-FOD 1 5.020E-005 | 5.020E-005 | 0.000E+000 | 0.000E+000
51A-SPMTT-CBP002-CBP-OPC 3 9.130E-008 | 0.000E+000 | 9.130E-008 | 1.000E+000
51A-SPMTT-CBP003-CBP-SHC 3 1.880E-008 | 0.000E+000 | 1.880E-008 | 1.000E+000
51A-SPMTT-CPL0O0-CPL-FOH 3 1.910E-006 | 0.000E+000 | 1.910E-006 | 1.000E+000
51A-SPMTT-CT000--CT--FOD 1 4.000E-006 | 4.000E-006 | 0.000E+000 | 0.000E+000
51A-SPMTT-CT001--CT--FOD 1 4.000E-006 | 4.000E-006 | 0.000E+000 | 0.000E+000
51A-SPMTT-CT002--CT--FOH 3 6.880E-005 | 0.000E+000 | 6.880E-005 | 1.000E+000
51A-SPMTT-G65000-G65-FOH 3 1.160E-005 | 0.000E+000 | 1.160E-005 | 1.000E+000
51A-SPMTT-HC001-HC-FOD 1 1.740E-003 | 1.740E-003 | 0.000E+000 | 0.000E+000
51A-SPMTT-HC002--HC--SPO 3 5.230E-007 | 0.000E+000 | 5.230E-007 | 1.000E+000
51A-SPMTT-IEL102-IEL-FOD 1 2.750E-005 | 2.750E-005 | 0.000E+000 | 0.000E+000
51A-SPMTT-MOEQO00-MOE-FSO 3 1.350E-008 | 0.000E+000 | 1.350E-008 | 1.000E+000
51A-SPMTT-SC001--CT-SPO 1 2.270E-005 | 2.270E-005 | 0.000E+000 | 0.000E+000
51A-SPMTT-SC021--SC--FOH 3 1.280E-004 | 0.000E+000 | 1.280E-004 | 1.000E+000
51A-SPMTT-SEL021-SEL-FOH 3 4.160E-006 | 0.000E+000 | 4.160E-006 | 1.000E+000
51A-SPMTT-STU001-STU-FOH 3 2.107E-004 | 0.000E+000 | 4.810E-008 | 4.380E+003

NOTE:
mission time.

Calc. = calculation; Fail. = failure; Miss. = mission; Prob. = probability.

Source: Original

B1.4.2.6.1

Human Failure Events

#For Calc. Type 3 with a mission time of 0, SAPHIRE performs the quantification using the system

Three human errors have been identified for this fault tree. Both “operator initiates a runaway”
and “operator causes a collision with mobile platform” are assigned a screening failure
probability of 1.00E+00. A detailed analysis of “operator causes collision” is addressed in
Section 6.4 and Attachment E.

1. Operator causes collision (5IA-OPTTCOLLIDE1-HFI-NOD).
2. Operator initiates runaway (51A-OPTTINTCOLO1-HFI-NOD).
3. Operator causes a collision with mobile platform (51A-OPTTINTCOLO02-HFI-NOD).
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B1.4.2.6.2 Common-Cause Failures
There are no CCFs identified for this fault tree.
B1.4.2.7 Uncertainty and Cut Set Generation Results

Figure B1.4-6 contains the uncertainty results obtained from running the fault tree for “SPMTT
Collides with IHF Structures” using a cutoff probability of 1E-12. Figure B1.4-7 provides the
cut set generation results for the “SPMTT Collides with THF Structures” fault tree.

Uncertainty Results

Mame 51 A-SPMTT-COLLISION
Random Seed 1234 Events 20
Sample Size 10000 Cuot Sets 16
Pairit estimate 4 B34E-003
hean Yalue 4 .:39:3E-003
Sth Percentile Yalue 3.060E-003
Median Yalus 3.162E-003
95th Percentile YWalue 7 013E-003
Minitnum Satnple Yalue J029E-003
Maximum Sample Y alue T 4TE-OM
Standard Deviation 1.417E-002
sSkewness 3.149E+001
Kurtosis 1.322E+003
Elapzed Time 00:00:00.830
oK

Source: Original

Figure B1.4-6. Uncertainty Results of the SPMTT Collides with
IHF Structures Fault Tree
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Cut Set Generation Results @

M ame: B1A-SPMTT-COLLISION
Elapzed Time: 00:00:00.070

Cut # mninCut

Size

1 B 4 79RE-003
2 7 3.910E-005
S 7.BE8E-013

4 0 - E---

5 0 - E---

B0 - E---|

A | R E----

8 0 - E----

9 0 - E----

m 0 - E---

A0 00 - E----

Tatal 16 4.834E-003

Tatal Elapzed Time ; 00:00:00.010

k. Yiew Results

Source: Original

Figure B1.4-7. Cut Set Generation Results for the SPMTT Collides with
IHF Structures Fault Tree

B1.4.2.8 Cut Sets

Table B1.4-5 contains the cut sets for “SPMTT Collides with IHF Structures”. The probability
of failure is 4.83E-03

Table B1.4-5. Cut Sets for SPMTT Collides with IHF Structures

Cut
Fault Tree Set % | Prob./Freq. Basic Event Description Probability
51A-SPMTT- Operator Causes
COLLISION | 62.07 3.000E-003 | 51A-OPRCCOLLIDE1-HFI-NOD | Collision 3.0E-003

Pendant Control
Transmits Wrong
36.00 1.740E-003 | 51A-SPMTT-HC001-HC--FOD Signal 1.7E-003

Brake (Pneumatic)
Failure on Demand
Brake (Pneumatic)
Failure on Demand
PMRC Fails to Stop
1.04 5.020E-005 | 51A-SPMTT-BRP0O00-BRP-FOD | on Loss of Power 5.0E-005
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Table B1.4-5. Cut Sets for SPMTT Collides with IHF Structures (Continued)

Cut
Fault Tree Set % | Prob./Freq. Basic Event Description Probability

Operator Causes
Collision with Mobile

0.57 2.750E-005 | 51A-OPRCINTCOLO02-HFI-NOD | Platform 1.0E+000
Failure of Mobile
Platform Anti-

51A-SPMTT-IELO11-IEL-FOD Collision Interlock 2.8E-005

Operator Initiates

0.24 1.160E-005 | 51A-OPRCINTCOL01-HFI-NOD | Runaway 1.0E+000
SPMTT Speed
Control (Governor)

51A-SPMTT-G65000-G65-FOH Fails 1.2E-005

SPMTT Primary

0.08 4.000E-006 | 51A-SPMTT-CT000--CT--FOD Stop Switch Fails 4.0E-006
On-Board Controller

0.08 4.000E-006 | 51A-SPMTT-CT0001-CT-FOD Fails to Respond 4.0E-006
Automatic Coupler

0.04 1.910E-006 | 51A-SPMTT-CPL00O-CPL-FOH System Fails 1.9E-006

4.834E-003 | = Total

NOTE: Freq. = frequency; Prob. = probability, SPMTT = site prime mover truck trailer; TT = truck trailer.

Source: Original

B1.4.2.9 Fault Trees
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Figure B1.4-9. Equipment Failure Causes
Collision
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Figure B1.4-10. SPMTT Failure to Stop
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Figure B1.4-11. SPMTT Exceeds Safe Speed
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B1.4.3 SPMRC Derailment
B1.4.3.1 Description

The two fault trees for SPMRC derailment within the IHF are identical with the exception of the
number of transportation casks that are processed at the IHF for each configuration. Derailment
is characterized by a basic event that accounts for the probability of a railcar derailment per mile
of travel within the THF.

This fault tree considers the potential for the SPM to derail during movement of the railcar to the
preparation area. The top event is “SPMRC Derails Causing Impact to Transportation Cask.”
This fault tree is shown in Figure B1.4-14.

The probability of derailment is based on historical data for train derailment at low speeds and is
discussed in the section on data development (Attachment C, Section C4). The probability of
derailment per mile is multiplied by the number of miles the SPM travels inside the Cask
Preparation Area (approximately 4.00E-02 miles).

B1.4.3.2 Success Criteria

The success criteria for this fault tree are that the SPMRC does not derail during the transport
process.

B1.4.3.3 Requirements and Design Features
System Configuration and Operating Conditions
Requirements

The railcar design requirements must comply with AAR Standard S-2043 Performance
Specification for Trains Used to Carry High-Level Radioactive Material (Ref. B1.1.1).

Design Feature

The design features of the railcar must be in compliance with AAR Standard S-2043

Performance Specification for Trains Used to Carry High-Level Radioactive Material
(Ref. B1.1.1).

Testing and Maintenance

Requirements

No maintenance or testing is permitted on a railcar loaded with a transportation cask.
Design Feature

None

B1-38 March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

B1.4.3.4 Fault Tree Model

The fault tree model for “SPMRC Derailment” consists of the probability for a railcar derailment
per mile of travel time multiplied by the number of occurrences for each type of transportation

cask.

B1.4.3.5 Basic Event Data

Table B1.4-6 contains a list of basic events used in the SPMRC Derailment fault trees.

Table B1.4-6. Basic Event Probability for SPMRC Derailment
Calc.
Name Type® Calc. Prob. | Fail. Prob. Lambda Miss. Time®
51A-SPMRC-DERAIL-DER-FOM 3 1.180E-005 | 0.000E+000 | 1.180E-005 1.000E+000
51A-SPMRC-MILES-IN-IHF \ 4.000E-002 | 4.000E-002 | 0.000E+000 0.000E+000

NOTE: “For Calc. Type 3 with a mission time of 0, SAPHIRE performs the quantification using the system

mission time.
Calc = calculation; Fail. = failure; Miss. = mission; Prob. = probability; V = value.

Source: Original

The calculated probability of a derailment inside the IHF is the probability of a railcar derailing
per mile of travel times the distance travelled within the facility.

B1.4.3.5.1 Human Failure Events

There are no human errors identified for this fault tree.
B1.4.3.5.2 Common-Cause Failures

There are no CCFs identified for this fault tree.

B1.4.3.6 Uncertainty and Cut Set Generation Results

Figure B1.4-12 contains the uncertainty results obtained from running the fault tree for “SPMRC
Derailment” using a cutoff probability of 1E-12. Figure B1.4-13 provides the cut set generation
results for the “SPMRC Derailment” fault tree.

B1-39 March 2008



Initial Handling Facility Reliability and
Event Sequence Categorization Analysis

51A-PSA-IH00-00200-000-00A

Source: Original

Source: Original

Uncertainty Results

Marme 51A-SPMRC-DERAIL
Fandom Seed 1234  Events 2
Sample Size 10000 Cut Sets 1
Pairt estimste 4 720E-007
Mean YWalue 4 7 20E-007
Sth Percertile Walue 4 595E-007
Median alue 4 7 20E-007
95th Percertile alue 4 54 2E-007
Minimum Sample Yalue 4 4FEE-007
Maximum Sample Value 4 992E-007
Standard Deviation 7.409E-009
Skewwness 1.887E-002
Kurtosis 2.946E+000
Elap=zed Tine 00:00:00.690
(0,4

Figure B1.4-12. Uncertainty Results of the SPMRC Derailment Fault Tree

Cut Set Generation Results

Marme: 21 A-SPMRC-DERAIL
Elapsed Time: 00:00:00.000
Cut Sets UpperBound
Size
1 o ] E----
2 1 4. 720E-007
3 o ] E----
4 o e E----
5 o ] E----
5] o ] E----
7 L E----
g o e E----
g L E----
10 m e Froes
=10 o ] E----
Total 1 4. F20E-007

Figure B1.4-13. Cut Set Generation Results for SPMRC Derailment”
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B1.4.3.7 Cut sets

Tables B1.4-7 contains the cut sets for “SPMRC Derailment”. The probability of derailment per
cask is 4.72E-07.

Table B1.4-7. Cut sets for SPMRC Derailment

Fault Tree Cut Set % | Prob./Freq. Basic Event Description Probability
51A-SPMRC- 100.00 4.720E-007 | 51A-SPMRC-DERAIL- Derailment of a rail car 1.2E-005
DERAIL DER-FOM per mile

51A-SPMRC-MILES-IN- | Miles traveled in IHF 4.0E-002
IHF
4.720E-007 = Total

NOTE: Freq. = frequency; IHF = Initial Handling Facility Prob. = probability.

Source: Original

B1.4.3.8 Fault Trees

SPMRC Derails
Causing Impact to
Transportation Cask

51A-SPMRC-DERAIL
[ ]

Derailment Miles Traveled in
of SPMRC [HF
per Mile
1.180E-5 4.000E-2
51A-SPMRC-DERAIL-DER-FOM 51A-SPMRC-MILES-IN-IHF
51A-SPMRC-DERAIL - SPMRC Derail in IHF 2008/02/01  Page 150

Source: Original

Figure B1.4-14. SPMRC Derailment in IHF
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B1.4.4 SPMTT Rollover in the IHF
B1.4.4.1 Description

The fault trees for “SPMTT Rollover in the IHF” are identical for each type of transportation
cask. Rollover is characterized by a human error basic event that accounts for the probability of
an operator jackknifing the truck trailer while backing through the IHF Cask Preparation Area.

During movement, a rail track failure, obstacle on the track or a structural failure on the railcar
could potentially lead to a rollover. For the truck trailer, an obstacle on the road or a structural
failure on the trailer could potentially lead to a rollover. There are no design constraints for these
types of failures; to prevent this situation relies on an operator response to initiate an emergency
stop command. Since this is a recovery action, no credit is taken for the operator response.

B1.4.4.2 Success Criteria

The design of the SPM prevents the majority of scenarios that could potentially cause a SPM
rollover. A low center of gravity and a wide footprint of the railcar/truck trailer results in a
stable platform during movements.

The success criterion is that no rollover occurs while transferring the trailer into the IHF with the
site prime mover.

B1.4.4.3 Requirements and Design Features
System Configuration and Operating Conditions
Requirements

Trailers used for the movement of transportation casks are designed in accordance with the
requirements contained in NHTSA requirements as authorized by Title 49 U.S.C. 30111.
Transportation: Federal Motor Vehicle Safety Standards (Ref. B1.1.2). The requirements are
delineated in 49 CFR Part 571 (Ref. B1.1.3).

While backing the SPMTT through the Cask Preparation Area, at least one walker-spotter is
required to ensure no objects are in the path of the SPMTT and to stop the driver from
jackknifing the trailer.

Design Feature

None.

Testing and Maintenance
Requirements

No maintenance or testing is permitted on a truck trailer loaded with a transportation cask.
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Design Feature
None.
B1.4.4.4 Fault Tree Model

The fault tree model for SPMTT rollover (Figure B1.4-15) consists of a single human error
associated with the operator jackknifing the truck trailer when positioning it in the IHF.

B1.4.4.5 Basic Event Data
A rollover within the IHF can only occur if the driver of the SPMTT jackknifes the truck trailer.

There is only one basic event (51A-OPTTROLLOVER-HFI-NOT) consisting of a human error
causing a jackknife of the trailer shown in Figure B1.4-15.

B1.4.4.5.1 Human Failure Events

The human error probability of causing a jackknife of the trailer has been assessed as zero due to
the limited space within the Cask Preparation Area and the inability of the trailer to jackknife in
such a small space (as discussed in Section 6.0, Table 6.0-2).

B1.4.4.5.2 Common-Cause Failures

There are no CCFs identified for this fault tree.

B1.4.4.6 Uncertainty and Cut Set Generation Results

Because there is only a single basic event that is assessed as having zero probability of
occurrence, there are no uncertainty values or cut sets to be calculated.
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B1.4.4.7 Fault Tree

SPMTT Rollover
Causes Impact to TC

51A-SPMTT-ROLLOVER-IHF
I

Operator
Causes
Rollover

+0.000E+0

51A-OPTTROLLOVER-HFI-NOT

51A-SPMTT-ROLLOVER-IHF - SPMTT Rollowver Causes Impact to TC 2008/02/01  Page 181

Source: Original

Figure B1.4-15. SPMTT Rollover in IHF
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B2 CASK TRANSFER TROLLEY ANALYSIS - FAULT TREES
B2.1 REFERENCES
Design Inputs

The PCSA is based on a snapshot of the design. The reference design documents are
appropriately documented as design inputs in this section. Since the safety analysis is based on a
snapshot of the design, referencing subsequent revisions to the design documents (as described in
EG-PRO-3DP-G04B-00037, Calculations and Analyses (Ref. 2.1.1), Section 3.2.2.F)) that
implement PCSA requirements flowing from the safety analysis would not be appropriate for the
purpose of the PCSA.

The inputs in this Section noted with an asterisk (*) indicate that they fall into one of the
designated categories described in Section 4.1, relative to suitability for intended use.

B2.1.1 BSC (Bechtel SAIC Company) 2007. Mechanical Handling Design Report for Cask
Transfer Trolley. 000-30R-HMO00-00200-000-001. Las Vegas, Nevada: Bechtel SAIC
Company. ACC: ENG.20071219.0001.

B2.1.2 *BSC (Bechtel SAIC Company) 2007. Preliminary Throughput Study for the Initial
Handling Facility. 51A-30R-IH00-00100-000-001. Las Vegas, Nevada. Bechtel SAIC
Company. ACC: ENG.20071102.0021.

B2.13 *Morris Material Handling 2007. P&ID — Cask Transfer Trolley. VO-CY05-QHC4-
00459-00029-001 Rev. 005. Oak Creek, Wisconsin: Morris Material Handling.
ACC: ENG.20071019.0003.

B2.2 CASKTRANSFER TROLLEY DESCRIPTION
B2.2.1 Physical Description

The cask transfer trolley (CTT) is an air-powered machine that is used to transport vertically
oriented transportation casks from the Cask Preparation Area to the Cask Unloading Room. The
trolley consists of a platform, a cask support assembly, a pedestal assembly, a seismic restraint
system, and an air system as illustrated in Figure B2.2-1.
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Source: Modified from Ref. B2.1.1.

Figure B2.2-1. Cask Transfer Trolley

The platform, or main deck, is the main support structure for the trolley. The structure is
designed to hold the air bearings under the deck and simultaneously support the cask support
assembly and cask. The cask support assembly is the truss work that is welded to the platform
and cradles three sides of the cask. The cask support assembly provides the structural support
for the seismic restraint system and pedestal assembly to hold the cask during an earthquake or
collision event.

The CTT must handle a number of different types of casks; consequently, different pedestals are
used to position the top of the cask at the appropriate height above the floor. Each pedestal sub-
component is designed for its respective cask to sit down in a “cavity.” The depth of the cavity
is a minimum of 6 in. which is sufficient to prevent the cask from exiting from the pedestal due
to uplift during the worst case seismic event. In addition, the cask is restrained in the
longitudinal and transverse directions by the cavity walls and restrained in the vertical down
direction by the pedestal itself.

This design also ensures the cask is positioned in the correct position in the trolley. The trolley
is positioned within a set tolerance under the cask transfer port in the Canister Transfer Area
using bumpers and stops that are bolted to the floor of the Cask Unloading Room with bolts that
shear to allow the CTT to slide during a significant seismic event.

In addition to the cask being restrained at the bottom by the pedestal assembly, the upper section
of the cask is restrained to prevent side motions during a seismic event. The system is made up
of two linkage systems that are mounted on opposite corners of the cask support assembly. An
electric motor extends and retracts the restraint brackets to predetermined positions. Different
cask diameters are handled by bolting unique interface clamps onto the seismic restraints.
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When the restraint system is properly positioned next to the cask, a locking pin is air-actuated to
secure the system. This solid high-strength alloy locking pin can withstand the shear stresses
that would be experienced during a seismic event. Both locking pins are monitored by proximity
switches (or limit switches) that are hard wired to the control system to verify the pins are in
place. If the locking pins are not secured properly, the CTT does not power up and
move/levitate.

The facility compressed air supply inflates nine 54-inch diameter air casters beneath the trolley
platform. Each air caster consists of a urethane torus-shaped bag with a chamber inside the
torus. The air film is produced when air is distributed to each air caster causing the air bags to
inflate. The inflated bags create a seal against the floor surface and confine the air within the
chambers of the bags until the air pressure is sufficient to offset the weight of the loaded trolley.
The air bearings allow the CTT to rise above the steel floor approximately 1/2 inch to 7/8 inch.
The air bearings are supplied with facility air (between 75 to 100 psi optimal) and consume from
500 to 700 scfm. A hose reel for the 1Y% inch diameter air hose is mounted on the platform. The
reel is equipped with an air-powered return, a ball valve shut-off, quick disconnect fittings, and a
safety air fuse.

A main “off/on” control valve and separate flow control/monitoring valve for each air bearing
allow adjustment and verification of pressure/flow for each individual bearing. There are two
interlocks for the air; one pressure monitor verifies the main incoming pressure is not too high,
and a second set of monitors verifies that all bearings have sufficient air pressure. This air
monitoring system for the air bearings is not important to safety and therefore has not been
analyzed.

End mounted turtle-style drive units that are 360-degrees steerable, are used to steer the CTT.
Traction is produced by down-pressure on the wheels provided by a small air bag on each drive
unit. Air is supplied from facility air to a high-speed pneumatic motor in combination with a
reducer to limit the wheel speed of the turtle drives. The maximum speed of the system is less
than or equal to 10 fpm at the maximum air pressure available from the facility compressed air

supply.

The CTT speed is controlled in two ways. First, the electrical control system is designed to
provide a control signal to the air valve that produces a speed range of 0-10 fpm. In the event
this control system fails, a factory set mechanical throttle valve, in line with each motor drive,
restricts the air flow to prevent a “run-away” condition.

B2.2.2 Control System
The control system is relay-based and includes a pendant station for its operator interface.

No programmable logic controllers are used—all interlocks are hard wired. The pendant is a
standard crane pendant that has all of the controls for the unit including:

e Deadman handle-The operator presses both handles to allow air to flow to the CTT to
levitate and move it horizontally.
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e Emergency-stop button—The operator presses the emergency stop button on the pendant
control or on the CTT to stop the CTT.

o Clockwise/counterclockwise momentary switch—The operator turns this switch to turn
the drive units for horizontal movement. This rotational characteristic is used to move
the CTT to the storage or maintenance location after it leaves the Cask Preparation Area.

e Forward/reverse switch—-The operator uses the forward/reverse switch to determine the
direction of the drive units

e Variable speed control switch—The operator uses the variable speed control switch to
adjust the CTT drive speed.

o (Cask restraint—The operator uses the selector switch to actuate the motor to close the
restraints and automatically engage the locking pin.

During normal operations, the controls operate off a battery system contained on the CTT. Only
one operator is needed to move the CTT since it only travels in one direction when it is carrying
a cask. The CTT moves forward and reverse between the Cask Unloading Room and the Cask
Preparation Area and is restrained from side to side by removable barriers that are mounted to
the building floor.

A schematic of the control system is shown in Figure B2.2-2.

The main air supply valve is a solenoid operated pilot valve that is fail safe (i.e., it is a spring
valve that closes upon loss of electrical power or loss of air pressure). The air supply valve
opens when the locking restraint pins actuate the limit switches and the pendant deadman
switches are actuated.

There controls on the pendant are clockwise/counterclockwise, forward/reverse, and drive speed
to control the valves for the motor drives. These valves are also fail-safe solenoid operated pilot
valves.

Releasing the deadman switches or pressing the emergency-stop or start/stop buttons on the
pendant control or th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>